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Fig.3 - Typical collector-to-emitter cutoff current vs 
ambient temperature for each transistor. 
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istic and input offset voltage for differential pair 
paired isolated transistors vs emitter current. 
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Fig. 8 — Typical input offset voltage characteristics 


for differential pair and paired isolated 
transistors vs ambient temperature. 
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Fig.6 - Typical static base-to-emitter voltage character- 


and 
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CA3045, CA3046 Types 


DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 
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AMBIENT TEMPERATURE (Ta)*25°C AMBIENT TEMPERATURE (Ta)#25°C 


COLLECTOR-TO-EMITTER VOLTS (VcE)= 3 
SOURCE RESISTANCE OHMS (Rg)=10000 
AMBIENT TEMPERATURE (Ta)=25°C 
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Fig.9(a) - Typical noise figure vs collector current. Fig.9(b) - Typical noise figure vs collector current. Fig.9%c) - Typical noise tigure vs collector current. 
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Fig.10 - Typical normalized forward current-transfer Fig.11 - Typical forward transfer admittance Fig.12 - Typical input admittance vs frequency. 
ratio, short-circuit input impedance, open-circuit vs frequency. 


output impedance, and open-circuit reverse volt- 
age-transfer ratio vs collector current. 
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Fig.13 - Typical output admittance vs frequency. Fig.14 - Typical reverse transfer admittance Fig.15 - Typical gain-bandwidth product vs 


vs frequency. collector current. 
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Amplifier Array 


FOUR INDEPENDENT 
AC AMPLIFIERS 


The RCA CA3048 is a silicon monolithic integrated 
circuit consisting of four independent identical AC 

_ amplifiers which can operate from a single-ended power 
supply. 


The amplifiers include internal DC bias and feedback 
to provide temperature-stabilized operation. They mav 
be used in a wide variety of AC applications in which 
operational amplifiers have previously heen used. 


ABSOLUTE-MAXIMUM RATINGS at Tg = 25°C: 
DISSIPATION: 


Ab TA 500 ad cto Shed aceite ees eid 
Above Ta =:55°C s iiek aig hie dae pe wee eS 


TEMPERATURE RANGE: 


.Operating 2... ee ew ec ee er eee eee eee 
Stora eased ae Aye caien bib Sie 6 Gielen evel a, Se eiserete wine 


LEAD TEMPERATURE (During Soldering) 
At distance 1/16 + 1/32 inch (1.59 £0.79mm) 


from case for 10 seconds max. Sea segccutdhsn telteda ote hee tohce 


POWER SUPPLY VOLTAGE.......... 220 e eee 
AC INPUT VOLTAGE: sive os im ey sti SA oh we ew 


MAXIMUM VOLTAGE RATINGS 


For Low-Noise and 
General AC Applications 
In Industrial Service 


Fach high gain amplifier has a high impedance non- 
inverting input, and a lower impedance inverting input 
for the application of feedback. Two power-supply 
terminals and two ground terminals are provided to re- 


uce internal and external coupling between amplifiers. 
d t ] and ext ] pling bet plifi 


The CA3048 is supplied in a IGlead dual-in-line 


plastic package. 


Koa ere teeta age ee et a aha A 750 mW 


Brae lenis -40°C to +85°C 
Pe eee -65°C to +150°C 


The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 4 is +2to-3.6 volta, 


CA3048 


TOP VIEW 


92CS -15470R2 


Fig.1 - Block diagram for CA3048. 


FEATURES 


@ Four AC amplifiers ona common substrate 
@ Independently accessible inputs and outputs 
® Operates from single-ended supply 

EACH AMPLIFIER 


@ Noise figure at TkHz............ eee 2 dB typ. 

@ High voltage gain............cccecceceseseeeees 53 dB min. 

@ High input resistance ..............eceeeen eee 90 ki: typ. 

@ Undistorted output voltage...............0658 2 V ems min. 
@ Output Impedance ......... cece ee eee eens Vk\c typ. 

@ Open-loop bandwidth ...........0--.-..2eeee ee 300 kHz typ. 
APPLICATIONS 


@ Multi-channel or cascade operation 
@ Low-level preamplifiers 

@ Equolizers 

@ Linear signal mixers 

@ Tone generators 

@ Multivibrators 


@ AC integrators 


470 


+Vec 


9ecs-15473 


© CONNECT TO APPROPRIATE TERMINAL TO READ VOLTAGE 


Fig.2 - Test circuit for measurement of collector 
supply voltage and currents. 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if the 
specified limits between all other terminals are not exceeded. 
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CA3048. 


O04 e}} 


Q2 


Oo Oo O5 GND (1) 


O2 GNO(2) 
Note; All resistor values are in ohms 92CM-15412 


Fig.3 - Schematic diagram for CA3048, 


ELECTRICAL CHARACTERISTICS at Ta = 25°C 


TYPICAL 
CHARAC- 
TERISTICS 
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DC Voltage V3, V7, Vee = +12V Ze 17 


at Feedback Terminals V10, Vi4 
OC Voltage V4, V8, eS 
at Input Terminals V9, V13 Voc = +l2v 


Veco = +12V 


Oo 
~< 
= 
> 
= 
ie) 
_ 
ie) 
= 
ao 
~ 
@ 
Q 
— 
ao 
nm 
= 
an 
oO 
na 
va 
< 
as] 
a] 
2 
— 
@ ; 
= 
oe 
= 
o 
Es¥) 
oQ 
=a 
2 
13 
=] 
= 
is") 
jin 
<= 
= 
— 
a } 
oO 
> 
© 
— 
@o 
@ 
a. 
ao 
@ 
Q 
= 
— 


 ~ 
co 


Vo(rms) 


°o 
c 
ot. 
vu 
< 
3° 
=~ 
2 
or 
a 
wn 
z 
3 
to) 
a < 
Qa 
0.0 
a 
et 
axe 
Zr 
n< 


nN 
wa 
oO 
w 
i=] 
Oo 


AOL 

Voc = tlav, f=ikHz 
_OPEN LOOP 
Terminals 3, 7, 10, 
and 14 are by- 


passed to ground 
f = 1kHz 


Terminals 3,7, 10 
and 14 are by- 
Passed to ground 


Output Capacitance est Tee 


Feedback Capacitance y = ky 
(Output to non- c cc = 
inverting Input) FB f = 1MHz 
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Nn 
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Broad-Band Output 
Noise Voltage 


Equivalent 
Noise BW = 50kHz 


nod 
z mn 


x 


Qutput Noise Voltage 
“‘Weighted'’ 


~ 1oHz | - | 

NF | kHz of = 

Noise Figure (Rg = 5 kQ) fF 10kHz | = 
Zz 

eF 


Vv 


Des 
rN) 
3 


Inter-Amplifier Audio 
Sepatation ‘'Cross Talk"’ 


Inter-Amplifier Capacitance Vv 
(Any amplifier output to c 
any other amplifier input) 


a=] 
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AMBIENT TEMPERATURE (T)*25°C + 


= nN 
° 


DC SUPPLY MIL LIAMPERES (1) OR Ig) 
3 


DC SUPPLY VOLTS (V¢c) 
92CS-15459 


Fig.4 - Typical DC supply current vs supply voltage. 


AMBIENT TEMPERATURE (Ta}——°C 


92CS-154568 


Fig.5 - Typical DC supply current vs ambient 


temperature. 
1000 
eit ; “OUTPUT” TO VTVM HP 4000 OR EQUIVALENT 
“4aNPUT'’® 
ie _) in 0.05uF 
- 1% : a7n 
cen. C) 33uF - | DISTORTION 
; "BYPASS" 0.05 | ANALYZER 


HP 333A OR 
EQUIVALENT 


aes 7 
+ |*+ nomaamme 
iy iy 
ii Ea 
is oe ny [of |e) 
0.05yF. 0.05uF / 
15002, 5% 470 0.0Su uE i 


*¥ec 


g92CS-IS472 
“ 


* Sig Gen should be a low distortion type (0.2% THD or less) 
HP206A or equivalent. 


@ Adjustment of Eg to 2 volts will make Es = 2mv. 


Test Circuit shows Amplifier #1 under test, to test Amplifiers 2, 3, 
‘or 4; Connect terminals as shown in Table. 


AMPLIFIER TERMINALS 
OUTPUT INPUT | BYPASS 


Fig.6 - Test circuit for measurement of distortion, open- 
loop gain and bandwidth characteristics. 


60 | AMBIENT TEMPERATURE (%4)*25°C 


a 
° 


OPEN LOOP AMPLIFIER GAIN (Ag, )— dB 
nN 
fo] 


OC SUPPLY VOLTS (Vcc) 
92CS-1546) 


Fig.7 - Typical amplifier gain vs DC supply voltage. 


COLLECTOR SUPPLY VOLTS = + {2 
RMS OUTPUT VOLTS (Eo) 2 


oe 
oe 
oH 


TOTAL HARMONIC DISTORTION<ATHD) — % 
iE se 


AMBIENT TEMPERATURE (Ta)-°C 


92CS - 15462 
Fig.10 - Typical total harmonic distortion 
vs ambient temperature. 
V.T.vM.* vive 


SIGNAL GENERATOR 
WP6SO OR 
EQUIVALENT 


0.05 
F 


92CS-15471 


“ V.T.V.M. - Hewlett-Packard Model 400D or equivalent. 


Procedure: 

1, Adjust Signal Generator for 0 dB output at reference terminal. 

2. Read voltage at other output terminals (Figure shows terminal #1 
used as reference). 

Fig.13 - Test circuit for measurement of inter-amplifier 

audio separation ‘‘cross talk’’ characteristic. 


OLL OR SUPPLY VOI (Vcc e¢] te A 
RMS INPUT SIGNAL MILLIVOLTS (Eyy) = } [1 
OPERATING FREQUENCY (f) * TkHe 


OPEN LOOP GAIN (Agz) - ¢8 


AMBIENT TEMPERATURE (Ty) - °C 


92CS~1S467RI 


Fig.8 - Typical open-loop gain vs ambient temperature. 


“OUTPUT” TO V.T.VM 


HP 4000 
OR 
EQUIVALENT 


i 


* RESISTORS ARE METALFILM TYPE,!% 
92CS-15465 


To test Amplifiers 1, 2, 3, of 4, connect terminals as shown in 


Table. 
TERMINALS 
ae — ——_ 


Fig.11 - Test circuit for measurement of broadband 
noise characteristic. 


COLLECTOR SUPPLY VOLTS (V¢c) = + 12 
OPERATING FREQUENCY ({) = | kHz 
AMBIENT TEMPERATURE (Tq) = 25°C 


AMPLIFIER GAIN - d8 


1 10 100 1000 10,000 100,000 


RESISTANCE IN FEEDBACK CIRCUIT (Reg) - OHMS 
92CS-15469 


Fig.14 - Typical amplifier gain vs feedback resistance. 


CA3048 


COLLECTOR SUPPLY VOLTS (¥c¢c) = + 12 
7 | AMBIENT TEMPERATURE (T,) = 25°C 
7 
! 
2 ad 
S 
< 
o 
a. 40 IN 
3 
ey 
a 
a, il | 
2 ny 
0 rf il 


100 1000 
FREQUENCY (f) - kHx 


10,000 100,000 


92CS-15468 


Fig.9 - Typical open-loop gain vs frequency. 


92CS 15466 


@ 11 - 2.5 millihenry inductor, dc resistance 0.3 ohms or less. 


* Resistors metal film type To test amplifiers, connect. 
terminals as shown in Table. 


AMPLIFIER TERMINALS 
oureur | weut_f Bypass 


1 3 
6 7 
11 10 
16 14 


Fig.12 - Test circuit for measurement of ‘‘weighted"’ 
output noise voltage characteristic. 


OPERATING CONSIDERATIONS 


Economical Gain Control 


The CA3048 is designed to permit flexibility in the 
methods by which amplifier gain can be controlled. 
Fig. 14 shows a curve of the gain of an amplifier when 
the internal resistive feedback of the device is used in 
conjunction with an external resistor. Although meas- 
ured gain of various amplifiers will not be uniform, 
because of tolerances of internal resistances, this 
method is very economical and easy to apply. 


Stability 


The CA3048, as in other devices having high gain-band- 
width product, requires some attention to circuit layout, 
design, and construction to achieve stability. 


Should the CA3048 be left unterminated, socket capaci- 
tance alone will! provide sufficient feedback to cause 
high frequency oscillations; therefore, all test circuits 
in this data bulletin include loading networks that pro- 
vide stability under all conditions. 
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CA3049T, CA3102E 
DUAL HIGH-FREQUENCY 


DIFFERENTIAL AMPLIFIERS ° 


For Low-Power Applications at Frequencies 
up to 500 MHz 


Features: 

@ Power Gain 23 dB (typ.) at 200 MHz 

© Noise Figure 4.6 dB (typ.) at 200 MHz 

@ Two differential amplifiers on a common substrate 

@ Independently accessible inputs and outputs 

© Full military-temperature-range ‘capability- (—55°C to + 
for the CA3102E and for the CA3049T 


® The CA3049 is available in a sealed-junction 
Beam-Lead version (CA3049L). For further 
information see File No. 515, ‘“Beam-Lead 
Devices for Hybrid Circuit Applications’. 


RCA-CA3049T and CA3102E consist of two independent 
differential amplifiers with associated constant-current tran- 
sistors on a common monolithic substrate. The six transistors 
which comprise the amplifiers are general-purpose devices 
which exhibit low I/f noise and a value of fT in excess of 1 
GHz. These features make the CA3049T and CA3102E use- 
ful from dc to 500 MHz. Bias and load resistors have been 
omitted to provide maximum application flexibility. 


The monolithic construction of the CA3049T and CA3102E 
provides close electrical and thermal matching of the ampli- 
fiers. This feature makes these devices particularly useful in 
dual-channel applications where matched performance of the 
two channels is required. 


The CA3102E is like the CA3049T except that it has a 
separate substrate connection for greater design flexibility. 
The CA3049T is supplied in the 12-lead TO-5 package; the 
CA3102E, in the 14-lead plastic dual-in-line package. 


V+i+6v) 


V-(-6v) 
92CS- 20795 


Fig. 1—Static characteristics test circuit for CA3102E. 


-6V 


92CS-20794 


Fig.2—AGC range and voltage gain test circuit for CA3102E. 
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Applications 


VHF amplifiers 
@ VHF mixers 


@ Multifunction 
Converter/IF 


IF amplifiers (differential and/or cascode) 


combinations = 


Product detectors . 
Doubly balanced modulators and demodulators 
Balanced quadrature detectors 

Cascade limiters , 

Synchronous detectors 

125°C) Balanced mixers 
Synthesizers 


Balanced (push-pull) cascode amplifiers 


Sense amplifiers 


MAXIMUM RATINGS, ABSOL UTE-MAX/IMUM VALUES, 
ATT, = 25°C 


CA3049T 


CA3102E 
300 


Power Dissipation, P: 
Any one transistor 


mw 


eet e ee 


Total package.......... 600 750 mW 

For Tp > 55°C Derate at: 5 6.67 mw/°C 
Temperature Range: 

Operating............. —55 to + 125|-55 to+ 125 °C 

Storage .............. —65 to + 1501-65 to + 150 °C 
Lead Temperature (During Soldering): 

At distance 1/16 + 1/32 inch (1.59 + 0.79mm) 

from case for 10 seconds max. ............ eee oes +265°C 


The following ratings apply for each transistor in the devices 


Collector-to-Emitter Voltage, VcEQ ------- 15 Vv 
Collector-to-Base Voltage, Vcgo ..------- 20 V 
Collector-to-Substrate Voltage, Vcjo” --.-- 20 V 
Emitter-to-Base Voltage, Vepo --.------- 5 Vv 
Collector Current, IQ «1... 0. eee eee eee 50 mA 


*The collector of each transistor of the CA3049T and CA3102E is 
isolated from the substrate by an integral diode. The substrate 
(terminal 9) must be connected to the most negative point in the 
external circult to maintain isolation between transistors and to 
provide for normal transistor action. : 


(14(7)] 
16) poo 
c | 
(7) Q(Q5) ee os 9T 
On; Q2(Q6) CABIOZE 
a ieee iter | 
v2) | SUBSTRATE | 
| 
| 3(04) 
= bo) ose Se Sh a 
218) O 390 1040 Ole 
feo) po} [aan] EXC) 
XN 
5.6 pF 27 pF 
UT 
INPUT (airs, TeUT 
Rg=50N cy bg % 
uy Le 


+12V 


NOTES: OO! 
|. NUMBERS IN PARENTHESES REFER TO OTHER 
HALF OF THE CA3049T OR CA3IO2ZE = 


2. BRACKETED NUMBERS REFER TO CA3IOZE , UNBRACKETED 
NUMBERS REFER TO CA3049T : 

92CS-20793 

Ly, Lg — Approx. 1/2 Turn #18 Tinned Copper Wire, 5/8” Dia. 

Cy, Cz — 15 pF Variable Capacitors (Hammarlund, MAC-15; or 

Equivalent) 
All Capacitors in F Unless Otherwise Indicated 
All Resistors in Ohms Unless Otherwise Indicated 


Fig.3—200 MHz cascode power gain and noise figure test circuit. 


RE/Mixer/Oscillator; 


INPUT OFFSET VOLTAGE (Vyq)-mV 


SUBSTRATE (9) 
AND CASE 


92CS-15245 


Schematic Diagram for CA3049T 


SUBSTRATE 


92CS- 20828 


Schematic Diagram for CA3102E 


Typical Characteristics for CA3049T and CA3102E 


EMITTER CURRENT (I3,Ig)-mA 
92CS- 20796 


Fig. 4—Input offset voltage vs. emitter current. 
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EMITTER CURRENT(I3 ,1g)—mA 92CS-20797 


Fig. 5—Input bias current vs. emitter current. 


CA3049T, CA3102E 


ELECTRICAL CHARACTERISTICS at T, = 25°C 


CHARACTERISTICS TEST CONDITIONS 


SYMBOLS 


STATIC CHARACTERISTICS 
For Each Differential Amplifier 


input Otfest Voltage Mig 
input Blas Current Migs: Wee hee el 
Temperature Coefficient Mag | |AVio! 
nitude of Input-Offset Voitage/ AT 
OC Forward Base-to- Vv VcE=6V 
Emitter Voltage BE ic=1mMA 
Temperature Coefficient of 4Vge 
Base-to-Emitter Voitage Voce =6V. lo = 1mA 
Collector-Cutoff Current llcgo.———SsdTs cg = 10 Vi, le = 0 
Collector-to-E mitter 
Visryceo | '!c= 1 mA, Ig =0 


COLLECTOR CURRENT (I-}-mA 


92CS- 20798 


Fig. 6—Base-to-emitter voltage vs. collector current. 


Breakdown Voltage 

Collector-to-Base = 

Breakdown Voltage Vipryceo | 'c= 10HA. le = 0 
Emitter-to-Base Breakdown 

Voltage ViBRVEBO | '€ = 10HA, Ic = 0 
CHARACTERISTICS 
1/f Noise Figure (For f = 100 KH3, Rg = 500 
Gain-Bandwidth Product 

= = A 

(For Single Transistor) 8 Vee 6 Ves Sm 
Collector-Base Capacitance Cop tc =0 Vcp = 5V 


Collector-to-Substrate a = 
Breakdown Voltage Vieraicio | 'c = 10KA, !g = 90, 'g = 9 | | 

OYNAMIC 

Single Transistor) Ic =1mMA P| 


pF 


Collector-Substrate Capacitance| Cc, 1c =90 Vc = 5V 


For Each Oifferential 
Amplifier 


Common-Mode Rejection Ratio] CMR [ig=lg=2mA | 
AGC Range, One Stage Bias Voltage = -6V 


PAGC 
Voltage Gain, Single-Ended ae oy Bias Voltage = -4.2V 
Output f= 10 MHz 
Noise Figure NF 


COLLECTOR-CUTOFF CURRENT (Icgg)-pA 


0.1 
8 
6 
4 


Ee a CST ET ESP 
NU | 


Veo = 12V 


For Cascode 
Configuration 


14, 16, 18 -100 -75 -50 -25 0 25 50 75 100 


1¢ = 2mA) 27, 29, 31 


i Y 

Input Admittance | Ig=tg=2mA 0.878 +; 1.3 es 15, 17,19 AMBIENT TEMPERATURE (T,)-°C — 928-2079 
For Diff. Fig. 7—Collector-cutoff current vs. temperature, 
Amplifier Cascode 

Reverse Transfer Admittance Configuration 
Ig = !g = 4mA fo-jO.013 | | eae 
each P . 

Forward Transfer Admittance on Cascode 17.9 - | 30.7 Heal 26, 28, 30 


*Terminals 1 & 14,07 7 & 8. (CA3102E) 1 & 12 of 6 & 7 (CA3049T) 


** Terminals 13 & 4, of 6 & 11. (CA3102E) 10 & 11 of 4 & S (CA3049T) AMBIENT TEMPERATURE (Ta) = 25°C 
: POSITIVE DC SUPPLY VOLTAGE (V*) = +6V 


NEGATIVE DC SUPPLY VOLTAGE (V~)=-6V 
FREQUENCY (f)=*I kHz 


Nn 
4] 


AMBIENT TEMPERATURE (Tg )* 25°C 


n 
(2) 


VOLTAGE GAIN (Ay)— dB 
fe) a 


VOLTAGE GAIN (A,)—48 


Me 
eS 
SHOR LSE PTE ute IL 


O.o| 2 4 6 80! 2 4681 2 4 6 810 2 4 6 6100 
FREQUENCY (f)— MHz 


CAPACITANCE — pF 


92CS -20802 


OC BIAS VOLTAGE ON TERMINALS 2 AND IO—V $2C3-20001 Fig. 10-—-Voltage gain vs. frequency. 


Fig. 9—Voltage gain vs. dc bias voltage. 
405 12 13 14 
DC BIAS VOLTAGE (Vg)~V 92Cs- 20800 


Fig. 8—Capacitance vs. dc bias voltage. 


AMBIENT TEMPERATURE (T,)=25°C 


AMBIENT TEMPERATURE (T,)= 25°C 
an Rsource = 1K 


AMBIENT TEMPERATURE (Ta) = 25°C 


NOISE FIGURE (NF)-d8 


a 
Uv 
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uJ 
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re) 
2 


é 
c 
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3 


0.01 2 4 6 8O| 2 4 6 8 | 
COLLECTOR CURRENT (Ic}-mA 92CS-20805 
c . _ F is 
Screen ene e en s2Cs- 20803 COLLECTOR CURRENT (I,,)-mA 92¢8- 20804 . 
Fig. 11—-Gain-bandwidth product vs. collector current. Fig. 12—1/f noise figure vs. collector current. Fig. 13—1/f noise figure vs. collector current. 
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CA3049T, CA3102E 
ELECTRICAL CHARACTERISTICS at Ta = 25°C 

TEST CONDITIONS 
STATIC CHARACTERISTICS . 
For Each Differential Amplifier 


input Offeet Voltage io | 
input Bias Current Met we ee ee 


TYPICAL 
CHARAC- 
TERISTICS 
CURVES 


CHARACTERISTICS 


Temperature Coefficient Mag. | [OVio! 


nitude of Input- Offset Voltage 


Temperature Coefficient of OVeeE 7 
Base-to-Emitter Voltage Vee =6V. Ic = 1mMA 


Collector-Cutoff Current ricpo. «| Veg = 10V, te = 0 
Collector-to-Emitter o a 
Breakdown Voltage Viericeo | 'c= MA. 'p=0 
Collector-to- Base = io 
- Breakdown Voltage ViBR)CBO | 'c= 10HA. le = 0 
Emitter-to-Base Breakdown v 
Voltege (BRIEBO 
CHARACTERISTICS 
1/f Noise Figure (For NE 
Gain-Bandwidth Product 
(For Single Transistor) 


Vio 
4 

VB 
4 


T 
OC Forward Base-to- Vce=6V 674 774 874 mV 
Emitter Voitage E Ic = 1mMA 

T 


f= 100 KH3. Rs = §00 2 
oma, mA 


Collector-to-Substrate 

Breakdown Voltage ViBRICIO 
OYNAMIC 
Single Transistor) 


Collector-Base Capacitance 


Collector Substrate Capacitance 
For Each Oifferential 
Amplifier 

Gommon-Mode Rejection Aatiol CMA [ig-ig-2mA 
AGC Prange, One Stage | AGC | Bias Voltage=-6v [2 
Voltage Gain, Single-Ended fa Bias Voltage = -4.2V aa 


Output f= 10 MHz 
Insertion Power Gain t = 200 MHz 


Noise Figure Veo * 12V 


3 
3 
For Cascode Ee 

: Configuration . 
Input Admittance Pit.ame.| | 
Cascode | 
| | 
a 
peal 


14, 16, 18 
15, 17,19 


Y 
a Ig=lg=2mAa 
For Diff. 
Amplifier 
Configuration 


Reverse Transter Admittance Y42 


{each 
collector 


Ic = 2mA) 


26, 28, 30 
27, 29, 31 


Forward Transfer Admittance Y21 


Output Admittance Y22 


*Terminais 1 & 14,077 & 8. (CA3102E) 1 & 12 or 6 & 7 (CA3049T) 
“*Terminels 13 & 4,076 & 11. (CA3102E) 10 & 11 of 4 & 5 (CA3049T) 


0.071 + j 0.62 


COORUERERLIELE 
PARE EEF 


SaSnSeaeeeenees sane 
DIFFERENTIAL AMPLIFIER 


MITTER MILLIAMPERS (13#19)*4 
OPERATING FREQUENCY (f)* 200 MH: ttt ones 


CASCODE AMPLIFIER 

COLLECTOR SUPPLY VOLTS (Vcc)? +12 
OPERATING FREQUENCY (f)= 200 MHz 
AMBIENT TEMPERATURE (Ta) = 25° 
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COLLECTOR SUPPLY VOLTAGE (Vo¢)-V 


: EMITTER CURRENT (13 ,1g)-mA 
9258-3936 9288-3934 


Fig. 17—Input admittance ( Yy ry vs. collector supply voltage. Fig. 18—Input admittance (Y; j) v8. emitter current. . 
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CASCODE AMPLIFIER 

COLLECTOR SUPPLY VOLTS (Voc) 412 
EMITTER MILLIAMPERES (I3*f9)* 2 
AMBIENT TEMPERATURE (Ta ) = 25°C 


INPUT CONDUCTANCE (oy ) — MILLIMHOS 
INPUT SUSCEPTANCE (bj, )- MILLIMHOS 


FREQUENCY (f) — MHz 
92S$- 3932 


Fig. 14—Input admittance { Vay) vs. frequency. 


DIFFERENTIAL AMPLIFIER 

COLLECTOR SUPPLY VOLTS (Vcc ) = +12 
EMITTER MILLIAMPERES (19"t) 24 
AMBIENT TEMPERATURE (Ta) = "25°C 


INPUT CONDUCTANCE (gj) OR 
SUSCEPTANCE (bij) ~ MILLIMHOS 


TPN ENS 


BOURUER ORO DERERUERI 
IN ENGUETE TTT 


FREQUENCY (f) — MHz 
9288 - 3935 


Fig. 15—Input admittance (Y 41) vs. frequency. 


CASCODE AMPLIFIER 

EMITTER MILLIAMPERES (13719)*2 
OPERATING FREQUENCY (f)2 200 MHz 
AMBIENT TEMPERATURE (Ta): 25°C 


INPUT CONDUCTANCE (9})) 
Cop 


OR SUSCEPTANCE (bj})~ MILLIMHOS 


COLLECTOR SUPPLY VOLTAGE (Vcc)" Vv 92SS-9” 


Fig. 16—Input admittance (Y 14) vs. collector supply voltage. 


DIFFERENTIAL AMPLIFIER 

COLLECTOR SUPPLY VOLTS (Vec) = +12 
OPERATING FREQUECY (f) 200 MHz 
AMBIENT TEMPERATURE (Ta) = 25°C 


Nn 


ae cadeaeeessies 
Setecsceesssese 


INPUT CONDUCTANCE (9))) 
OR SUSCEPTANCE (bjj) - MALLIMHOS 


EMITTER CURRENT (I3, Ig)-mA 
9288-3937 


Fig. 19—Input admittance (Y, ;) vs. emitter current. 


Typical Output Admittance Characteristics for CA3049T and CA3102E 


CASCODE AMPLIFIER 
COLLECTOR SUPPLY VOLTS (Vcc) + 412 
EMITTER MILLIAMPERES (I3#ig)* 2 
AMBIENT TEMPERATURE (T, ) = 25°C 


el | TTT 
| 
alll 
abill 


OUTPUT CONDUCTANCE (g22) OR 
SUSCEPTANCE (boo) — MILLIMHOS 


FREQUENCY (f) — MHz 
92SS - 3944 


Fig. 20—Output admittance (Y 9) vs. frequency. 


DIFFERENTIAL AMPLIFIER 
EMITTER MILLIAMPERES 


OPERATING FREQUENCY ( 
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COLLECTOR SUPPLY VOLTAGE (V¢c)-V 


92S$-3948 
Fig. 23—Output admittance (Y 99) vs. collector supply voltage. 


Typical Forward Transfer Characteristics for CA3049T and CA3102E 


CASCOOE AMPLIFIER 
COLLECTOR SUPPLY VOLTS (Vcoc)= +12 
EMITTER MILLIAMPERES (I3:Ig)2 2 
AMBIENT TEMPERATURE (Ta ) = 25°C 
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FREQUENCY (f) — MHz 


FORWARD TRANSFER CONDUCTANCE ( 
FORWARD TRANSFER SUSCEPTANCE (b2i)_ 


9285-3938 


Fig. 26—Forward transfer admittance (Y 7) vs. frequency. 
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COLLECTOR SUPPLY VOLTAGE (Vcc)-V  928s- 3942 


Fig. 29—Forward transfer admittance (Y9,) vs. collector supply volt- 
age. 


OIFFERENTIAL AMPLIFIER 
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FREQUENCY (f) — MHz 
9288-3947 


Fig. 21~-Output admittance (Y a9) vs. frequency. 
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Fig, 24—Output admittance (Y 9) vs. emitter current. 
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Fig. 27—Forward transter admittance (Y 21) vs. frequency. 
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Fig. 30—Forward transfer admittance (Y >) vs. emitter current. 
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Fig. 22—Output admittance (Y 9) vs. collector supply voltage. 
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Fig. 25—Output admittance (Y p99) vs. emitter current. 
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Fig. 28~Forwerd transfer admittance (Y;) vs collector supply 
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Fig. 31—Forward transfer admittance (Y 54) vs. emitter current. 
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CA305S0, CA3051 
Dual Differential Amplifiers 


TWO DARLINGTON- CONNECTED DIFFERENTIAL AMPLIFIERS WITH DIODE BIAS STRING 
For Low-Power Applications at Frequencies from DC to 20 Miz 


The CA3050 and CA3051 each consists of two differ- 
ential amplifiers with associated constant current tran- 
sistors on a common substrate. Each amplifier is driven 
by Darlington-connected emitter follower inputs to pro- 
vide. high input impedance, low bias current, and low 
offset current. A string of diodes is included to provide 
temperature-compensated bias to the constant current 
transistors and a low impedance bias point for the inputs 
to the differential amplifiers when a single power supply 
is used. 


APPLICATIONS 

@ Matched dual amplifiers 

© Dual sense amplifiers 

@ Dual Schmitt triggers 

© Dual multivibrators 

®@ Doubly balanced detectors and modulators 
® Balanced quadrature detectors 

© Synthesizer mixers 


© Product detectors 


MAXIMUM RATINGS, ASSOLUTE-MAXIMUM VALUES, AT Ty = 25°C 


CA3050 CA3051 

Pow@gr Dissipation, P: 

Any one transistor ....... 150 150 mW 

Total package .......... 900 750 mW 

For’ T, > 55°C, "Derate at .. 8 6.67. mW/°C 
Temperature Range: 

Operating... ......0 05 wees -55 to +125 °c 

Storage... eee ee eee -65 to +150 ° % 
LEAD TEMPERATURE (During Soldering) . 

At distance 1/16 # 1/32 inch (1.59 + 0.79mm) 

from case for 10 seconds max. . 2... ee ee ee es +2065°C 


The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage, Voro Ui GaieeceNerten eae 15 V 
Collector-to-Base Voltage, Vorno or ee 20 V 
Collector-to-Substrate Voltage, Veo a te BNE hee Oe 20 V 
Emitter-to-Base Voltage, VeRO Bh ete eats ae eae Ss V 
Collector Current, Ic: or Fadstihp digs: Gotan is "or ects oie ees te 50 mA 


* The collector of each transistor of the CA3050 and CA3051 


is isolated from the substrate by an integral diode. 


The 


substrate (terminal 14) must be more negative than all col- 
lectors to maintain isolation between transistors and to 


provide far normal transistor action. 


MAXIMUM VOLTAGE RATINGS 
The following chart gives the range of voltages which can be applied to the terminals 


listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 3 is +5 to —2 volts. 


+25 
-14 
Note 1 


+10 


= 
o 


2, 
° 
ae 
) 
LS) 


NOTE 1: This rating is important only when terminal 5 is more 
positive than terminal 8. 


NOTE 2: This rating is important only when terminal 8 is more 
positive than terminal 5. ; 


NOTE 3: This rating is important only when terminal 10 is more 
positive than terminal 11. ; 
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Note 3 | Note 4 


MAXIMUM 
CURRENT RATINGS 
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NOTE 4: This rating is important only when terminal 11 is more 


positive than termina! 10. 


“Voltages are not normally applied betwecn these terminals. Voltages appearing 
between these terminals will be safe if the specified limits between all other 
terminals are not exceeded. 


4 14Q SUBSTRATE 30 


92CS-1542I 
Fig.1 - Schematic diagram. 
FEATURES 
© Input offset current .......--5206% 70 nA max. 
@ Input bias current .........----- 500 nA max. 
@ Input offset voltage ..........---- 5 mV max. 
@ Input impedance ..........--265 460 kQQ typ. 


@ Independently accessible inputs and outputs 


The CA3050 is supplied in the 14-lead dual-in- 
line ceramic package and the CA3051 is supplied 
in the 14-lead dual-in-line plastic package. 


TYPICAL STATIC CHARACTERISTICS 


_INPUT OFFSET MILLIVOLTS Wy0)~ 


2 4 


Ol 2 4 68 1 2 4 #6 Bio 6 8 
QUIESCENT BIAS MILLIAMPERES (T3) 
92CS-15413 
Fig.2(a) - Typical input offset voltage vs 


quiescent bias current. 
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Fig.2(b) - Typical input offset voltage vs 
ambient temperature. 
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ELECTRICAL CHARACTERISTICS at T, = 25°C 


CHARACTERISTICS 


Ges 


STATIC 


Amplifier Characteristics 


DC Forward Base-to-Emitter Voltage 


Temperature Coefficient of Base-to- 
Emitter Voltage 


Transistor Characteristics 


V(BRYCI 
V(BR)EB 


Collector-to-Substrate Breakdown Voltage 
Emitter-to-Base Breakdown Voltage 
DYNAMIC 


Transistor Characteristics 


So 


Ir = 10 LA, Ip = 0 


o 


Emitter-to-Base Capacitance 
Collector-to-Base Capacitance 
Collector-to-Substrate Capacitance 


Cep | Vep=3Vte=0 | 
ce 
Amplifier Characteristics 


Gain-Bandwidth Product ; Vans 6 lee SmA 
(For Single Transistor) T CE IC = 


Forward Transadmittance 
(With single-ended input and output) 


Bandwidth at -3 dB Point 


Voc = OV, Ig = 2mA 
f = L MHz 


Veo = 10V, lg = 2 mA 
Voc = 10V,Ig=2mA] 4 
f= 1 KHz 
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Input Impedance Zi 
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Output Impedance 
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AGC Range 
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lo = 2 mA, f = 1 KHz 
Perminal No.3 Grounded 


COLLECTOR SUPPLY VOLTS (Vcoc)*#6 
QUIESCENT BIAS CURRENT RANGE—0.1S 13S 1OmA 


LIMITS 
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QUIESCENT BIAS MILLIAMPERES (I3) 
92CS-15416 


Fig.3(a) - Typical input offset current vs 
quiescent bias current. 
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Fig.3(b) - Typical input offset current vs 
ambient temperature. 
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Fig.4(a) - Typical quiescent bias current vs 
input bias current. 
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Fig.4(b) - Typical normalized input bias current vs 
ambient temperature. 


Fig.5(a) - Typical quiescent operating current 
ratio vs quiescent bias current. 


Fig.5(b) - Typical quiescent operating current 
ratio vs ambient temperature. 
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CA3050, CA3051 
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Fig.6 - Typical static base-to-emitter voltage Fig.7 - Typical base-to-emitter voltage characteristic 
characteristic vs emitter current for all tran- vs ambient temperature for each transistor. 


sistors and forward diode voltage drops. 
AMBIENT TEMPERATURE (Ta )—°C i 
92CS-15195 
Fig.8 - Typical collector-to-base cutoff current vs 
ambient temperature for each transistor. 
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Fig.9 - Typical capacitance for each transistor. 
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Fig.11{a) - Test circuit for forward transadmittance, 


Vec 10 ¥ -3 dB bandwidth, and AGC range. 
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Fig.12(a) - Test circuit for input impedance. Fig.12(b) - Typical input impedance vs frequency 


with output short-circuited. 
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Zero-Voltage Switches 
For 50/60 and 400 Hz Thyristor Control 


Applications 


The RCA-CA3058, CA3059, and CA3079 
zero-voltage switches are monolithic silicon 
integrated circuits designed to control a 
thyristor in a variety of AC power switching 
applications for AC input voitages of 24 V, 
120 V, 208/230 V, and 277 V at 50/60 and 
400 Hz. Each of the zero-voltage switches 
incorporates 4 functional blocks (see Fig. 1) 
as follows: 


1. Limiter-Power Supply—Permits operation 
directly from an AC line. 

2. Differential On/Off Sensing Amplifier— 
Tests the condition of external sensors or 
command signals. Hysteresis or propor- 
tional-control capability may easily be im- 
plemented in this section. 

3. Zero-Crossing Detector—Synchronizes the 
output pulses of the circuit at the time 
when the AC cycle is at zero voltage point; 
thereby eliminating radio-frequency inter- 
ference (RFI) when used with resistive 
loads. 

4. Triac Gating Circuit—Provides high-current 
pulses to the gate of the power controlling 
thyristor. 


In addition, the CA3058 and CA3059 pro- 


“vide the following important aUxitigty func- 
tions (see Fig. 1): 


1. A built-in protection circuit that may be 
actuated to remove drive from the triac if 

_ the sensor opens or shorts. 

2. Thyristor firing may be inhibited through 
the action of an internal diode gate con- 
nected to Terminal 1. 

3. High-power dc comparator operation is 
_ provided by overriding the action of the 
 -zero-crossing detector. This is accomplished 
_ by connecting Terminal 12 to Terminal 7. 

Gate current to the thyristor is continuous 
when Terminal 13 is positive with respect 
to Terminal 9. 

For an explanation of these functions see 

Operating Considerations. For de- 

tailed application information, see companion 

Application Note, ICAN-6182, ‘Features and 

Applications of RCA Integrated-Circuit Zero- 

Voltage Switches (CA3058, CA3059, and 

CA3079)". . 


The CA3058 is supplied i in a hermetic 14-lead 
dual-in-line ceramic package. Types CA3059 
and CA3079 are supplied in 14-lead dual-in- 
line plastic packages. 


Applications: 
® Relay control 
Valve control 


®@ Heater control 
a @ Lamp control 

® Synchronous switching of flashing lights 

@ On-off motor switching 

® Differential comparator with self-contained 
power supply for industrial applications 
Photosensitive control 

Power one-shot control 


CA3058, CA3059, CA3079 


e 
NEGATIVE TEMPERATURE COEFFICIENT 7h SE 


AC Input Voltage | input Series 


24 

120 
208/230 
277 


Dissipation Rating 
(50/60 or 400 Hz) | Resistor (Rs) for Rs 


VAC kQ Ww 


NOTE: 


Circuitry, within shaded areas, not included in 
CA3079 


@ See chart 
4 |1C = Internal Connection -- DO NOT USE 


(Terminal Restriction applies only — 
to CA3079). 


Fig. 1—Functional block diagram of CA3058, CA3059, and CA3079. 


Features 
@ 24V, 120V, 208/230V, 277V at 50 60, or 
400 Hz operation ...................... 
w Differential Input .................... 
@ Low Balance Input Current (max.) -uA..... 
@ Built-in Protection Circuit for 
opened or shorted sensor (Term. 14) ..... 
Sensor Range (Rx) -kQ «wwe eee 
DC Mode (Term 12).................0. 
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DC Supply Volts (max.) ............... 
mw Operating Temperature Range -°C ....... 


MAXIMUM RATINGS, 
Absolute-Maximum Values at T 4 = 25°C 


DC SUPPLY VOLTAGE (BETWEEN TERMS. 2 
AND 7): 


CA3058, CA3059 ....... cc eee eee eee 14V 

CAS079 26.05 iSar cwteevactonkiser ewes 10 V 
DC SUPPLY VOLTAGE (BETWEEN TERMS. 2 
AND 8); 

CA3058, CA3059 ............200- wees 14V 

CAB070 is cinidven aan bee ee ku eae -10V 
PEAK SUPPLY CURRENT (TERMS.5 AND 7) 


+50 mA 


ALL RESISTANCE VALUES 
ARE IN OHMS 


92SS-4255R! 


Fig. 2(a)—DC supply voltage test circuit for 
CA3058, CA3059, and CA3079. 
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CA3059 CA3079 
wv Vv 
JV Vv 
1 2 
JV | 
100 2to 100 2to 50 
Vv 
JV 
JV 
14 10 


—55 to +125 


POWER DISSIPATION: 3 a 3, 
Up to T,=75°C — CA3058........... 700 mw 
Up to T,=55°C — CA3059,CA3079 ... 700 mW 
Above T ,=75°C — CA3058 

Satu ities Derate Linearly 8 mW/°C 
Above T,=55°C — CA3059,CA3079 
ts searcbaratetas Derate linearly 6.67 mW/9°C 

AMBIENT TEMPERATURE RANGE: 
Operating.............0000- 55 to +125°C 
Storage kind nko i alec yates —6 to +150°C | 

LEAD TEMPERATU RE (DURING SOLDERING): 
Ata distance 1/16” + 1/32” (159 £0.79 mm) 

from case for 10 seconds max. ...... +265°C 


120-V RMS, 50/60-Hz OPERATION CITTTT ttt 


INPUT RESISTANCE (Rg}*10kQ = E+ 
NO EXTERNAL LOAD 
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Fig. 2(b)—DC supply voltage vs. ambient 
temperature for CA3058, CA3059 
and CA3079. 
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CA3058, CA3059, CA3079 
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MAXIMUM 
CURRENT 
MAXIMUM VOLTAGE RATINGS atT, = 25°C RATINGS 


TERM- “a 
INAL . wl2 ; 
NO. 3 3° 2,3 


0 


20 | 2.5 


This chart gives the range of voltages which can be applied to the terminals listed horizontally 
with respect to the terminals listed vertically. For example, the voltage range of horizontal 
Terminal 6 to vertical Terminal 4 is 2 to —10 volts. a 
Note 1 — Resistance should be inserted between Terminal 5 and external supply or line volt- 
age for limiting current into Terminal 5 to less than 50 mA. 

Note 2 — Resistance should be inserted between Terminal 14 and external supply for limiting 
current into Terminal 14 to less than 2 mA. . 

Note 3 — For the CA3079 indicated terminal is internally connected and, therefore, should 
not be used. . 


“For CA3079 (0 to —10 V). 

*Voltages are not normally applied between these terminals; however, voltages appearing 
between these terminals are safe, if the specified voltage limits between all other terminals 
are not exceeded. ’ 
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FAIL~SAF ‘ s Mo 7 4c 
ALL RESISTANCE VALUES ARE IN OHMS iweur @'t* © common INPUT Or “@ eyRGCER 


NOTE CIRCUITRY WITHIN SHADED AREAS 
NOT INCLUDED IN CA3079 92¢M-18076R2 


“IC=INTERNAL CONNECTION __DO NOT USE (TERMINAL 
RESTRICTION APPLIES. ONLY TO CA3079) 


Fig. 4— Schematic diagram of CA3058, CA3059, and CA3079. 


4 


120 V RMS, 50/60-Hz OPERATION 
AMBIENT TEMPERATURE (Ta) = 25° C 
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Fig. 2(c)—DC supply voltage vs. external load 

—current for CA3058, CA3059, and 
_CA3079. | 
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Fig. 3— Gate trigger current vs. gate trigger 
voltage for CA3058, CA3059, and CA3079. 


AC LINE 


978s 4263R1 
ALL RESISTANCE VALUES ARE IN OHMS 


Fig. 5(a)—Peak output (pulsed) and gate trigger 
current with internal power supply 
test circuit for CA3058, CA3059, 
and CA3079. 
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Fig. 5(b)—Peak output current (pulsed) vs. 
ambient temperature for CA3058, 
CA3059, and CA3079. 


CA3058, CA3059, CA3079 


ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise) v* 
All voltages are measured with respect to Terminal 7. 


TEST CONDITIONS 
Ta a 25°C 
CHARACTERISTIC (Unless Indicated Otherwise) LIMITS UNITS 


| Min. | Typ. 


For Operating at 120 V rms, 50-60 Hz (AC Line Voltage)® 
DC Supply Voltage, Vs 


Inhibit Mode 

At 50/60 Hz Ro =8kQ, ly =0 

Rg = 10 k&2, |, =0 ALL RESISTANCE 

At 50/60 Hz Rg =5kQ2, ly =2mMA mv OWNS 

Pulse Mode ie | Fig. 6(a)—Peak output current (pulsed) with : 
a oa external power supply test circuit for 
At 50/60 Hz Ro =8kQ, |) =0 CA3058 and CA3059. 
. Re = 10 k92, | | =0 
At 50/60 Hz Ro = 5k, 1) =2mA sears ts FE 
GATE TRIGGER VOLTAGE (V as sov HH 


Ro =8ko, 1] =0 
Ta = —55 to +125°C 


Gate Trigger Current, Igy 4) |Terms. 3 and 2 connected, 
See Figs. 3, 5(a) Vet=1V 


Peak Output Current (Pulsed), | Term. 3 open, Gate Trigger 
lom'4) _ | Voltage (Vor) =0 


With Internal Power Supply | Terms. 3 and 2 connected, 

Gate Trigger Voltage (Vg7)=0 
Term. 3 open, V"=12 V, Vg7=0 
With External Power Supply | Terms. 3 and 2 connected, 
Vt=12 V, Vet =0 
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EXTERNAL POWER SUPPLY VOLTS (V+) 
9288-4264 


Fig. 6(b)—Peak output current (pulsed) vs. 
external power supply voltage 
for CA3058 and CA3059. 


See Figs. 5,6 
Inhibit Input Ratio, Vg/V2 
All Types 
CA3058 

See Fig. 7 
Total Gate Pulse Duration: * 

For positive dv/dt, tp 
50-60 Hz 


Voltage Ratio of Term. 9 to 2 
Ta = —55 to +1259C 


CextT =0 


Cext = 9 Rext=~ 


CexT= 0 70 
CextT =9, Rext =~ 


>) 
= — — oO 
3 > “J S 


~ 
N © a 
o : 
© Nn on 7 = 
i) 


For negative dv/dt, thy 
50-60 Hz 


—_ 
Oo 
=) 


[Tomi] 


Pulse Duration After Zero 
Crossing (50-60 Hz): 
For positive dv/dt, tpy 
For negative dv/dt, tny4 
See Fig. 8 
Output Leakage Current, 14 
Inhibit Mode: 

All Types 
CA3058 
See Fig. 9 
Input Bias Current, |, 
CA3058, CA3059 
CA3079 
See Fig. 10 


PAEK OUTPUT MILLIMPERES (PULSED) 


Ta = —55 to +125°C 


NQ 
N 


NO 
NO 
i=) 
3 


HH 
HH 
: 
a 20V RMS, 50/60-Hz OPERATION 
aiipriitisniinsntss FHGATE TRIGGER VOLTS (Vgr}*0 
: Hitm——TERMINALS 2 AND 3 CONNECTED 
ae ——TERMINAL 3 OPEN 


100 130 


AMBIENT + TEMPERATURE imi °C 
92CM -18064 
Fig. 6(c)—Peak output current (pulsed) vs. 
ambient temperature for CA3058 
and CA3059. re 
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CA3058, CA3059, CA3079 


ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise) (Cont'd) 
All voltages are measured with respect to Terminal 7. 


TEST CONDITIONS 
Ta = 25°C 
(Unless Indicated Otherwise) 


CA3058 
CA3059 
CA3079 


Tin. | Tye. [Max._ 


UNITS 


CHARACTERISTIC 


120 V RMS 
60 Hz 


For Operating at 120 V rms, 50-60 Hz (AC Line Voltage)® 


Common-Mode Input | 
Voltage Range, Vcr Terms. 9 and 13 connected 


Sensitivity, AV437 
Term. 12 open | 


pees} — |v 


ce [- fm 


(Pulse Mode) 


See Figs. 5(a), 12 ALL RESISTANCE VALUES 


, ARE IN OHMS 100 u F 9288-4268 

* Required voltage change at Term. 13 to either turn OFF the triac when ON or turn ON the triac when OFF. Fig. 7(a)—Input inhibit voltage ratio test 

* Pulse duration in 50 Hz applications is approximately 15% longer than shown in Fig. 8(b). eae ae CA3058, CA3059, and - 
CA 5 


@ The values given in the Electrical Characteristics Chart at 120 V also apply for operation at input voltages 
of 24 V, 208/230 V, and 277 V, except for Pulse Duration. However, the series resistor (Rg) must have 
the indicated value, shown in the chart in Fig. 1, for the specified input voltage. 


AC LINE 
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dv dt 


dv dt 


GATE PULSE 
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AMBIENT TEMPERATURE (Ty) = 25° C 
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TOTAL GATE PULSE DURATION (1) -us 


oon ALL RESISTANCE VALUES —-NOTE: CIRCUITRY WITHIN SHADED AREA ats ae Hoth 
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AMBIENT TEMPERATURE (Ta )—-° 
a seeiees so ae ctagent EXTERNAL CAPACITANCE [C(ext)| -uF Sychcieoey 
Fig. 7(b)—Input inhibit voltage ratio vs. ambient Fig. 8(a)—Gate pulse duration test circuit with Fig. 8(b)—Total gate pulse duration vs. external 
temperature for CA3058, CA3059, associated waveform for CA3058, capacitance for CA3058, CA3059, 
and CA3079. CA3059, and CA3079. and CA3079. 
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EXTERNAL CAPACITANCE (CexT))- uF EXTERNAL RESISTANCE [R(EX7)| - kO s 
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Fig. 8(c)—Pulse duration after zero crossing vs. Fig. 8(d)—Total gate pulse duration vs. external Fig. 9—Output leakage current {inhibit mode) vs. 
external capacitance for CA3058, resistance for CA3058 and CA3059. ambient temperature for CA3058, CA3059, 
CA3059, and CA3079. * and CA3079. 
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92SS-4267 


Fig. 10—Input bias current test circuit for CA3058, 
CA3059, and CA3079. 


TERMS. 7 AND 12 CONNECTE at Ne 
GATE CURRENT MODE (CAM +4 FETT 


SENSITIVITY (AV, 3)—mv 
a 
‘oe 
| 
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1 | 


“75 50 -23 ce] 25 3% 73 wo 8 25 
AMBIENT TEMPERATURE (Ta)—°C 
‘ 92c8-18072 


Fig. 12—Sensitivity vs. ambient temperature 
for CA3058, CA3059, and CA3079. 
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Fig. 13—Operating regions for built-in protection 
circuit for CA3058 and CA3059. 
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CA3058, CA3059, CA3079 


220 V RMS 
50760-Hz OPERATION 


tp(FOR POSITIVE 
dv/dt) 


t (FOR NEGATIVE 
dv/dt) 


ie) 0.02 0.04 0.06 0.08 0.1 
EXTERNAL CAPACITANCE — pF o2cs-1e0ces 
fa) 


600 


TO END OF PULSE (t))}—yps 


50 Hz) 1N,(FOR NEGA- 
60 Hz TIVE dv/dt) 
50 Hz} tp,(FOR POS!~ 
6OHzf TIVE dv/dt) 


0 002 004 006 008 0! 
EXTERNAL CAPACITANCE — pF oatecieces 


TOTAL GATE PULSE DURATION (t)—ys 
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220 V RMS, 50/60-Hz OPERATION 
INPUT RESISTANCE (Rg)= 20k 


50 He tp (FOR POSI- 
60 Hz TIVE dv/dt) 
50 Hz) ty(FOR NEGA- 
6OHz! TIVE dv/dt) 


ie) 0.02 0.04 0.06 0.08 on] 


EXTERNAL CAPACITANCE —.F 
92CS8-18070 


(b) 


220 V RMS 
50760-Hz OPERATION 
600} INPUT RESISTANCE 
(Rg)*20k2 


50 Hz) ty) (FOR NEGATIVE 
60 Hz dv/dt) 
50 Hz] tp, (FOR POSITIVE 
60 ui Pr ltdv/ dt) 


° , 0,02 0.04 0.06 0,08 "Ou 


(c) 


EXTERNAL CAPACITANCE —~ uF g2cs-ie071 


(d) 


Fig. 11—Relative pulse width and location of zero crossing for 220-volt operation for CA3058, CA3059, 


and CA3079. 


OPERATING CONSIDERATIONS 


Power Supply Considerations for CA3058, 
CA3059, and CA3079 


The CA3058, CA3059, and CA3079 are in- 
tended for operation as self-powered circuits 
with the power supplied from an AC line 
through a dropping resistor. The internal 
supply is designed to allow for some current 
to be drawn by the auxiliary power circuits. 
Typical power supply characteristics are given 
in Figs. 3(b) and 3(c). 

Power Supply Considerations for CA3058 
and CA3059 


The output current available from the internal 
supply may not be adequate for higher power 
applications. In such applications an external 
power supply with a higher voltage should be 
used with a resulting increase in the output 
level. (See Fig. 5 for the peak output current 
characteristics). When an external power 
supply is used, Terminal 5 should be con- 
nected to Terminal 7 and the synchronizing 
voltage applied to Terminal 12 as illustrated 
in Fig. 5(a). 

Operation of Built-in Protection for the 
CA3058, CA3059 


A special feature of the CA3058 and CA3059 
is the inclusion of a protection circuit which, 
when connected, removes power from the 
load if the sensor either shorts or opens. The 
protection circuit is activated by connecting 
Terminal 14 to Terminal 13 as shown in 
Fig. 1. To assure proper operation of the pro- 
tection circuit the following conditions 
should be observed: 

1. Use the internal supply and limit the ex- 


ternal load current to 2 mA with a 5 kQ2 
dropping resistor. 


2. Set the value of Rp and sensor resistance 
(Ry) between 2 kQ and 100 k22. 

3. The ratio of Ry to Rp, typically, should 
be greater than 0.33 and less than 3. If 
either of these ratios is not met with an 
unmodified sensor over the entire antici- 
pated temperature range, then either a 
series or shunt resistor must be added to 
avoid undesired activation of the circuit. 


If operation of the protection circuit is de- 
sired under conditions other than those 
specified above, then apply the data given 
in Fig. 13. 


External Inhibit Function for the CA3058 
and CA3059 


A priority inhibit command may be applied 
to Terminal 1. The presence of at least +1.2 V 
at 10 uA will remove drive from the thyristor. 
This required level is compatible with DTL 
or T2L logic. A logical 1 activates the inhibit 
function. 


DC Gate Current Mode for the CA3058 
and CA3059 


Connecting Terminals 7 and 12 disables the 
zero-crossing detector and permits the flow 
of gate current on demand from the differ- 
ential sensing amplifier. This mode of opera- 
tion is useful when comparator operation ts 
desired or when inductive loads are switched. 
Care must be exercised to avoid overloading 
the internal power supply when operating 
in this mode. A sensitive gate thyristor 
should be used with a resistor placed between 
Terminal 4 and the gate in order to limit the 
gate current. 
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CA3060, CA3060A Types 


Operational Transconductance 


Amplifier Arrays 


APPLICATIONS 
® For low power conventional operational amplifier 
applications 

® Active filters = Multiplexers 

« Comparators @ Multipliers 

@ Gyrators 8 Strobing and gating functions 
= Mixers ® Sample and hold functions 

@ Modulators 
FEATURES 


Low power consumption — as low as 100 .W per amplifier 
Independent biasing for each amplifier 

High forward transconductance 

Programmable range of input characteristics 

Low input bias and input offset current 

High input and output impedance 

No effect on device under output short-circuit conditions 
Zener diode bias regulator 


RCA-CA3060AD, CA3060BD, CA3060D, and CA3060E, 
monolithic integrated circuits, are arrays of three independ- 
ent Operational Transconductance Amplifiers. This type of 
amplifier is a new circuit concept that has the generic 
characteristics of an operational voltage amplifier with the 
exception that the forward gain characteristic is best 
described by transconductance rather than voltage gain 
(open-loop voltage gain is the product of the transcon- 
_ ductance and the load resistance, 9,,R __). When operated into a 
suitable load resistor and with provisions for feedback, these 
amplifiers are well suited for a wide variety of operational- 
amplifier and related applications. In addition, the extremely 
high output impedance makes these types particularly well 
suited for service in active filters. 


The three amplifiers in the CA3060 family are identical 
push-pull Class A types which can be independently biased to 
achieve a wide range of characteristics for specific applica- 
tions. The electrical characteristics of each amplifier are a 
function of the amplifier bias current (lagc). This feature 
offers the system designer maximum flexibility with regard 
to output current capability, power consumption, slew rate, 
input resistance, input bias current, and input offset current. 
The linear variation of the parameters with respect to bias 
and the ability to maintain a constant dc level between input 
and output of each amplifier also makes the CA3060 suitable 
for a variety of non-linear applications such as mixers, 
multipliers, and modulators. 


In addition; the types in the CA3060 family incorporate a 
unique Zener diode regulator system that permits current 
regulation below supply voltages normally associated with 
such systems. 
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Fig.4—Input offset current vs. amplifier bias current. 
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Generic applications of the OTA are described in ICAN- 
6668, Applications of the CA3080 and CA3080A High- 


Performance Operational Transconductance Amplifiers. 


The CA3060AD, CA3060BD, and CA3060D are supplied in 
a hermetic 16-lead dual-in-line ceramic package which can be 
operated over the full military temperature range, -55°C to 
+125°C, The CA3060E is supplied in a 16-lead dual-in-line 
plastic package and is operational from -40°C to +85°9C. 


MAXIMUM RATINGS, Absolute Maximum Values at Ta = 259°C 


DC Supply Voltage (between V* and V- terminals): 


CA3060AD, CA3060B8D, CASOG0E .............. 36V (+18V) 

CASOGOD iii kc EERE ie bie ee Ra ease hs 14 V (t7V) 
Differential tnput Voltage (each amplifier): 

CA3060AD, CA30G0BD, CA3060E................ 006s +5V 

CASOGOD: ss vie. t ar dito li ae ed Me Se ere ea b eee eS +5V 
DC Input Voltage ..... cece ee ee eee Ges vt to V~ 
Input Signal Current (each amplifier of each type): ......... +1 mA 
Amplifier Bias Current (each amplifier of each type)......... 2mA 
Bias Regulator Input Current ........... 0... ee eee eee ee -5mA 
Output Short-Circuit Duration® .............0000. No limitation 


*Short circuit may be applied to ground or to either supply. 


ZENER BIAS REGULATOR 


INVERTING 
INPUT 4 


NON- INVERTING 
INPUTO 


AMPLIFIER 
BIAS INPUTO 


A INVERTING INPUT OF AMPLIFIERS 1,2, AND 31S ON TERMINAL 


Nos. 13, 12 AND 4, RESPECTIVELY 


ONON-INVERTING INPUT OF AMPLIFIERS 1, 2, AND 3 


TERMINAL Nos. 14, 11, AND 5, RESPECTIVELY 


* OUTPUT OF AMPLIFIERS 1, 2, AND 31S ON TERMINAL Nos. 16, 9, 


AND 7, RESPECTIVELY 


C AMPLIFIER BIAS CURRENT OF AMPLIFIERS 1, 2, AND 3 IS ON 


TERMINAL Nos. 15, 10, AND 6, RESPECTIVELY 


92CS- 15860R! 


Fig.2—Simplified schematic diagram showing bias regulator and 
one operational transconductance amplifier for 
each type of the CA3060 family. 
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AMPLIFIER BIAS CURRENT (Iapc)—pA 
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Fig.5a—Input bias current vs. amplifier 
bias current 


REGULATOR OUT [1] OUTPUT No. | 
REGULATOR IN [2] BIAS No.! 
v+ [3] NON-INV INPUT No.! 
INV INPUT No.3 [4] INV. INPUT No.1 
NON-INV, INPUT No.3 [5] INV. INPUT No.2 
BIAS No.3 [6] NON-INV. INPUT No. 2 
OUTPUT No. 3 BIAS No.2 
V- OUTPUT No.2 


TOP VIEW 


92SS - 4106R2 


Fig.1—Functional block diagram for each type in the 
CA3060 family. 


Device Dissipation: 


Total Package of each type up to Ta = 75°C ....... 490 mw 

Above Ta 75°C Shetebyshamttanincs he Sotage Derate linearly 6.67 mW/°C 
Temperature Range: 

Operating — 

CA3060AD, CA3060BD, CA3060D............ -55 to +1259C 

CASOGOE ied cS ate et bah ce eG Rian a el aes -40 to +859C 

Storage — : 

CA3060AD, CA3060BD, CA3060D, 

CASOGOE: oir sis Gide Taek beans Bae ats -65 to +1509C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 in. (1.59 40.79 mm) 
from case for 10s max... ... ee ee eee +300°C 


2ISUPPLY VOLTAGE .V*=6V,V~=-6V 


vt s15V, V7 2—15V 


lee 
i El 
a Uae 
| a 
z= + 
AB 
5° 
ao 
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INPUT-OFFSET VOLTAGE (Vz9) —mv 


AMPLIFIER BIAS CURRENT (Iago) —— HA 


92CS~ 19612 
Fig.3—Input offset voltage vs. amplifier bias current. 
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INPUT BIAS CURRENT (Iyp) —pBA 


AMBIENT TEMPERATURE (T,)—*C 
92CS-19604 


Fig.5b—Input bias current vs. ambient 
temperature. 


ELECTRICAL CHARACTERISTICS (CA3060D) 
For each amplifier at Ta = 25°C, Vt =6 V, V-=-6 V 


TYPICAL 

CHARACTER- 
istics 

CURVES 


Amplifier Bias Current 
CHARACTERISTIC SYMBOL 


; 
3 
: 
E 


STATIC CHARACTERISTICS 


log 


Peak Output Voltage: 
Positive Vomt 


on 
“ 


> 
Ni 


So 
~ 
~ 


PPL PPP 


Input Offset-Voltage 
Sensitivity®: ‘ 
Positive AVio/AV 


Negative AVio/ AV" 


Amplifier Bias Voltage* VaBC 


DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwise 
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=m ¢ 
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aos 
= 
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£ a ry 
fog 


B= 
at es 
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PEAK OUTPUT CURRENT(ABSOLUTE) {IT ol 


— 


Forward Transconductance 
(large signal) 


Common-Mode Rejection 


Ratio 110 


4.4 to -5.1 min. 
4.7 to -5.3 typ. 


CMRR 
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Common-Mode tnput- 


Voltage Range Vicr 


Slew Rate (Test ckt., 
Fig. 13 


i : 


Open-Loop (921) 
Bandwidth 


BWoL 


tnput Impedance 
Components: 


Resistance 


= 
N 


a 


oO 
° 


Capacitance at 1 MHz 


Output Impedance 
Components: 


= 
> 


Resistance 


~ 
= 
° 


N 
~ 
N 
x 


Capacitance at 1 MHz 
ZENER BIAS REGULATOR CHARACTERISTICS (at Ta = 25°C, I2 = 0.1 mA) 


Temp. Coeff. = 3 mV/°C 


< 
N 
e (3 
s 
o 


V+ is reduced to 5 volts for V* sensitivity 
V- is reduced to -5 volts for V~ sensitivity 


(b) V* sensitivity in ftV/V = 


* Temperature-Coefficient; -2.2 mV/°C (at Vagc = 0.54 V. age = 
1 WA; -2.1 mV/OC (at Vagc = 0.060 V, lage = 10 BMA); -1.9 
mV/9C (at Vagc = 0.66 V, lage = 100 WA) 

@ Conditions for input Offset Voltage and Supply Sensitivity: 

{a) Bias current derived from the regulator with an appropriate 
resistor connected from terminal No. 1 to the bias terminal on 
the amplifier under test --- 


1 volt 


‘ Read = 
sensitivity in uV/V 1 volt 


a 
}——"PAMPLIFIER BIAS CURRENT (Iggc) 00 @A™ [| 
s/s 


19000 
6 


10,0006] AMBIENT TEMPERATURE (Ta )= 25°C 
6] SUPPLY VOLTAGE Vt=6V,V~=-6V. [J 
vie 15 Ve V~#-15V 
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Heer 
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AMPLIFIER SUPPLY CURRENT (Ig)—pA 
AMPLIFIER SUPPLY CURRENT (I,)—— wA 


4 68 
1000 AMBIENT TEMPERATURE (T,)—°C 
92CS-19613 


AMPLIFIER BIAS CURRENT (Iagc)—pA 92CS- 19606 


Fig.8b—Amplifier supply current {each 
amplifier} vs. ambient tempera- 
ture. 


Fig.8a—Amplifier supply current (each 
amplifier) vs. amplifier bias cur- 
rent. 


Voffset - Voffset for +5 V and -6 V supplies 


Voffset - Voffset for -5 V and +6 V supplies 
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CA3060, CA3060A Types 
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0008] AMBIENT TEMPERATURE (Ta)=25°C ee Fae a 
6| SUPPLY VOLTAGE : V*=6V,V~*6V a cae ee 
viris\vyvorisv TA TT TT 
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Fig.6a—Peak output current vs. ampli- 
fier bias current. 


« 1000 ISUPPLY VOLTAGE: Vt =6V, V7*-6V 
i; 6 ~—+ vt a15V,V7*—-15V 
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AMPLIFIER BIAS CURRENT 


75 50 25 G) 25 50 75 100128 
AMBIENT TEMPERATURE (Ty) — °C 
927C8-19608 
Fig.6b—Peak output current vs. ambient 
ternperature. 
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92CS-19607 
Fig.7—Peak output voltage vs. amplifier 
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Fig.9—Amplifier bias voltage vs. ampli- 
fier bias current. 
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ELECTRICAL CHARACTERISTICS (CA3060AD, CA3060BD, CA3060E) 


For each amplifier at Ta = 25°C, V+ = 15 V, V-=-15 V 


SYMBOL 


STATIC CHARACTERISTICS 


TYPICAL 
CHARACTER. 
ISTICS 
CURVE 


CHARACTERISTIC 


Input Offset Voltage 


Input Offset Current 


ao 


LIMITS 
Amplifier Bias Current 


lapc = 100 WA 


[_MIN. | TYP. [MAX. | MIN. [TvP. [MAX. | MIN. [TvP. [MAX] 


CA3060AD 
CA3060BD 


~ 
p~ 


Input Bias Current 


Peak Output Current 


Peak Output Voltage: 
Positive 


Negative 


Power Consumption 
(each amplifier) 


Input Offset-Voltage 
Sensitivity ®: 
Positive 


Negative 


Amplifier Bias Voitage* 


DYNAMIC CHARACTERISTICS (at 1 kHz unless specified othe 


Forward Transconductance 
(large signal) 


Common-Mode Rejection 
Ratio 


, Common-Mode input 
Voltage Range 


Slew Rate (Test ckt., 
Fig. 13) 


Open-Loop (974) 
Bandwidth 


tnput Impedance 
Components: 


Resistance 
Capacitance at 1 MHz 


Output Impedance 
Components: 


Resistance 


Temperature-Coefficient; -2.2 mV/9C (at Vagc = 0.54 V, lage = 

1 MA; -2.1 mV/9C lat Vago = 0.060 V, lage = 10 UA): -1.9 

mV/9C (at Vage = 0.66 V, lage = 100 MA) 

B® Conditions for Input Offset Voltage and Supply Sensitivity: 

(a) Bias current derived from the requiator with an appropriate 
resistor connected from terminal No. 1 to the bias terminal on 
the amplifier under test --- 


10,000g] AMBIENT TEMPERATURE (Ta) = 25°C 
6| SUPPLY VOLTAGE: Vt=6V, V7=-6V 

, vtei5 Vv, V7=-15V 

FREQUENCY (t)«1kHz 
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Fig.12—input resistance vs. amplifier bias 
current. 
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+42 to -12 min. 
+13 to -14 typ. 
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+12 to -12 min. 
+13 to -14 typ. 


+12 to -12 min, 
+13 to -14 typ. 


Vt is reduced to 13 volts for V* sensitivity 


Vis reduced to —13 voits for V~— sensitivity : 
Voffset - Voffset for +13 V and —15 V supplies 


(b) V* sensitivity in V/V - 
1 volt 


Voffset - Voffset for —13 V and +15 V supplies 


V° sensitivity in UVIV = 
1 volt 


Re 


EXTERNAL 


ouTPUT “Iga 


13 
F 10 MQ 
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Vz is measured between terminals 1 and 8. 


VABC 'S measured between terminals 15 and 8. 
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SUPPLY VOLTAGE. V**6V, v7: -6V 
VtelS V, V78-15V 


a 
fn On OO 
ie Rees oe 
il 
ele eesti 
8 2 
10 


FORWARO TRANSCONOUCTANCE (9 2)" mmhs 


2 4 6 4 68 


100 1000 
AMPLIFIER BIAS CURRENT (Tagc)—“A 
92CS-1962! 


Fig.10a—Forward transconductance vs. 
amplifier bias current. 
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Fig.10b—Forward transconductance vs. 
ambient temperature. 
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Fig.11—Forward transconductance vs. 
frequency. 
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TYPICAL SLEW RATE TEST CIRCUIT PARAMETERS 


1000s} AMBIENT TEMPERATURE (T,)#25°C | 4 


8 SUPPLY VOLTAGE vt=6V, V-=-6V 
vtsi8V,V~=215V 


FREQUENY (f)* IkHz 


fo] 

= 

Bs 

@ 100 

lt 

oO 

z 

-¢ 

Ee 

o 

” 

ee a ae ee 
5 10 SEES WS PH ek a 
= 

2 

oO 


‘Se SNS El CRS Ea een ES a et 
ERE RE Es A ae ee ee 
a ee a eS ae 
CCIE IS or 
} 


10 100 1000 
AMPLIFIER BIAS CURRENT (Iagc)—yA 


92CS-19620 


Fig. 14—Output resistance vs. amplifier bias current. 
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Fig. 15—Bias regulator voltage vs. bias regulator current. 
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Fig.16 — Complete schematic diagram showing one of the three operational transconductance amplifiers. 


OPERATING CONSIDERATIONS 


The CA3060 consists of three operational amplifiers similar 
in form and application to conventional operational ampli- 
fiers but sufficiently different from the standard operational 
amplifier (op-amp) to justify some explanation of their 
characteristics. The amplifiers incorporated in the CA3060 
are best described by the term Operational Transconductance 
Amplifier (OTA). The characteristics of an ideal OTA are 
similar to those of an ideal op-amp except that the OTA has 
an extremely high output impedance. Because of this 
inherent characteristic the output signal is best defined in 
terms of current which is proportional to the difference 
between the voltages of the two input terminals. Thus, the 
transfer characteristic is best described in terms of transcon- 
ductance rather than voltage gain. Other than the difference 
given above, the characteristics tabulated on pages 3 and 4 of 
this data bulletin are similar to those of any typical op-amp. 


The OTA circuitry incorporated in the CA3060 (See Fig. 16) 
provides the equipment designer with a wider variety of 
circuit arrangements than does the standard op-amp; because 
as the curves in the data bulletin indicate, the user may select 
the optimum circuit conditions for a specific application 
simply by varying the bias conditions of each amplifier. If 
low power consumption, low bias, and low offset current, or 
high input impedance are primary design requirements, then 
low current operating conditions may be selected. On the 
other hand, if operation into a moderate load impedance is 
the primary consideration, then higher levels of bias may be 
used, 


Bias Considerations for Op-Amp Applications 


The operational transconductance amplifiers allow the circuit 
designer to select and contro! the operating conditions of the 
circuit merely by the adjustment of the input bias current 
‘apc: This enables the designer to have complete control 
over transconductance, peak output current and total power 
consumption independent of supply voltage. 


In addition, the high output impedance makes these 
amplifiers ideal for applications where current summing is 
involved. 


The design of atypical operational amplifier circuit (See Fig. 
17) would proceed as follows: 


INPUT ©) 


92CS-19704 


Fig.17—20-dB amplifier using the CA3060. 


Circuit Requirements 
Closed loop voltage gain = 10 (20 dB) 
Offset voltage adjustable to zero 
Current drain as low as possible 
Supply voitage = +6 V 
Maximum input voltage = +50 mV 
Input resistance = 20 kQ 
Load resistance = 20 k{2 
Device: CA3060 
Calculation 
1. Required transconductance g?1. 
Assume that the open loop gain Ag, must be at least ten 
times the closed loop gain. Therefore, the forward 
transconductance required is given by 
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921 = AoL/RL 
= 100/18 kQ 
= 5.5 mmho 

(Ry. = 20 kQ in parallel with 200 kQ 
= 18kQ) 


2. Selection of suitable amplifier bias current. 
The amplifier bias current is selected from the minimum 
value curve of transconductance (Fig. 10a) to assure that 
the amplifier will provide sufficient gain. For the required 
92; Of 5.5 mmho an amplifier bias current ago of 20 uA 
is suitable. : 


3. Determination of Output Swing Capability. 
For a loop gain of 10 the output swing is t0.5 V and the 
peak load current 25 uA. However, the amplifier must 
also supply the necessary current through the feedback 
resistor and for Rg = 20 kQ than Rg = 200 kQ2 if Agy = 
10. Therefore, the feedback loading = 0.5/200 kQl = 2.5 yA. 


The total amplifier current output requirements are, 
therefore, 27.5 uA. Referring to the data given in Fig. 6a 
we see that for an amplifier bias current of 20 uA the 
amplifier output current is +40 wA. This is obviously 
adequate and it is not necessary to change the amplifier 
bias current lage. 


4. Calculation of bias resistance. 
For minimum supply current drain the amplifier bias current 
laBc should be fed directly from the supplies and not 
from the bias regulator. The value of the resistor Ragc 
may be directly calculated using Ohm’s law. 


Raen = VSUP- VABC 
ABC RBC 


3 _ 12-0.63 
ABC ~ 90 x 10°6 


= 568.5 k. or = 560 k2 


5. Calculation of offset adjustment circuit. 
In order to reduce the loading effect of the offset 
adjustment circuit on the power supply, the offset control 
should be arranged to provide the necessary offset 
current. The source resistance of the non-inverting input is 
made equal to the source resistance of the inverting input. 


20 x 200 x 108 ohms 


=18kQ2 

220 x 103 
Because the maximum offset voltage is 5 mV and an 
additional increment due to the offset current (Fig. 4) 
flowing through the source resistance 


(i.e. 200 x 10°9 x 18 x 103 volts) therefore, 
the Offset Voltage Range = 5 mV + 3.6 mV = +8.6 mV 


The current necessary to provide this offset is 


8.6 x 10°3 


aps or 0.48 vA 
x 


With a supply voitage of +6 V, this current can be provided 
by a 10 MQ resistor. However, the stability of such a resistor 
is often questionable and a more realistic value of 2.2 MQ 
was used in the final circuit. 


OTHER CONSIDERATIONS 
Capacitance Effects 


The CA3060 is designed to operate at such low power fevels 
that high impedance circuits must be employed. In designing 
such circuits, particularly feedback amplifiers, stray circuit 
capacitance must always be considered because of its adverse 
effect on frequency response and stability. For example a 
10-k82 load with a stray capacitance of 15 pF has a time 
constant of 1 MHz. Fig. 718 illustrates how a 10-kQ 15-pF 
load modifies the frequency characteristic. 
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Fig.18—Effect of capacitive loading on frequency response. 


Capacitive loading also has an effect on slew rate; because the 
peak output current is established by the amplifier bias 
current, ! agc (see Fig. 6a), the maximum slew rate is limited 
to the maximum rate at which the capacitance can be 
charged by the !Q,4. Therefore, 


SR = dV/dt = lon/CL 


where C;_ is the total load capacitance including strays. This 
relationship is shown graphically in Fig. 19. When measuring 
slew rate for this data bulletin, care was taken to keep the 
total capacitive loading to 13 pF. 


Phase Compensation 


‘In many applications phase compensation will not be 
required for the amplifiers of the CA3060. When needed, 
compensation may easily be accomplished by a simple RC 
network at the input of the amplifier as shown in Fig. 13. 
The values given in Fig. 13 provide stable operation for the 
critical unity gain condition, assuming that capacitive loading 
on the output is 13 pF or less. Input phase compensation is 
recommended in order to maintain the highest possible slew 
rate, 


In applications such as integrators, two OTAs may be 
cascaded to improve current gain. Compensation is best 
accomplished in this case with a shunt capacitor at the 
output of the first amplifier. The high gain following 
compensation assures a high slew rate. 


APPLICATIONS 


Having determined the operating points of the CA3060 
amplifiers, they can now function in the same manner as 
conventional op-amps, and. thus, are well suited for most 
op-amp applications, including inverting and non-inverting 
amplifiers, integrators, differentiators, summing amplifiers 
etc. 


TRI-LEVEL COMPARATOR 


Tri-level comparator circuits are an ideal application for the 
CA3060 since it contains the requisite three amplifiers. A 
tri-level comparator has three adjustable limits. !f either the 
upper or lower limit is exceeded, the appropriate output is 
activated until the input signal returns to a selected 
intermediate limit. Tri-level comparators are particularly 
suited to many industrial control applications. 
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Fig.19—Effect of load capacitance on slew rate. 
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Circuit Description 
Fig. 20 shows the block diagram of a tri-level comparator 
_ using the CA3060. Two of the three amplifiers are used to 
compare the input signal with the upper-limit and lower- 
vt 


CA3060 
TRI-LEVEL 
DETECTOR 


UPPER LIMIT 1 POSITIVE 

REFERENCE VOLTAGE SA oes OUTPUT 
WHEN UPPER 
LIMIT IS 

INPUT SIGNAL REACHED 


INTERMEDIATE- LIMIT. 
REFERENCE VOLTAGE 


LOWER LIMIT 
REFERENCE VOLTAGE 


POSITIVE 

OUTPUT 
WHEN LOWER 
LIMIT IS 
REACHED 


v~ 92CS-19609 


Fig.20—Functional block diagram of a tri-level comparator. 


limit reference voltages. The third amplifier is used to 
compare the input signal with a selected value of inter- 
mediate-limit reference voltage. By appropriate selection or 
resistance ratios this intermediate-limit may be set to any 
voltage between the upper-limit and lower-limit values. The 
output of the upper-limit and lower-limit comparator sets the 
corresponding upper or lower-limit flip-flop. The activated 
flip-flop retains its state until the third comparator (inter- 
mediate-limit) in the CA3060 initiates a reset function, 
thereby indicating that the signal voltage has returned to the 
intermediate-limit selected. The flip-flops employ two 
CA3086 transistor-array IC's, with circuitry to provide 
separate “SET” and ‘‘POSITIVE OUTPUT” terminals. 


The circuit diagram of a tri-level comparator appears in Fig. 
21. Power is provided for the CA3060 via terminals 3 and 8 
by +6-volt supplies and the built-in regulator provides 
amplifier-bias-current (Iagc) to the three amplifiers via 
terminal 1. Lower-limit and upper-limit reference voltages are 
selected by appropriate adjustment of potentiometers R1 
and R2, respectively. When resistors R3 and R4 are equal in 
value (as shown), the intermediate-limit reference voltage is 
automatically established at a value midway between the 
lower-limit and upper-limit values. Appropriate variation of 
resistors R3 and R4 permits selection of other values of 
intermediate-limit voltages. Input signal (Ec) is applied to the 
three comparators via terminals 5, 12, and 14. The “SET” 
output lines trigger the appropriate flip-flop whenever the 
input signal reaches a limit value. When the input signal 
returns to an intermediate-value, the common flip-flop 
“RESET” line is energized. The loads in the circuits, shown 
in Fig. 21 are 5-V, 25-mA lamps. 
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Active Filters — Using the CA3060 as a Gyrator 


The high output impedance of the OTAs makes the CA3060 
ideally suited for use as a gyrator in active filter applications. 
Fig. 22 shows two OTAs of the CA3060 connected as a 


gyrator in an active filter circuit. The OTAs in this circuit can 
make a 3-uF capacitor function as a floating 10-kilohenry 
inductor across Terminals A and B. The measured Q of 13 (at 
a frequency of 1 Hz) of this inductor compares favorably 
with a calculated Q of 16. The 20-kilohm to 2-megohm 
attenuators in this circuit extend the dynamic range of the 
OTA by a factor of 100. The 100-kilohm potentiometer, 
across V+ and V’, tunes the inductor by varying the go; of 
the OTAs, thereby changing the gyration resistance. 


(VtiC )+6V 


TERMINAL A 20K 


TERMINAL B 
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Fig.22—Two operational transconductance amplifiers of the 
CA3060 connected as a gyrator in an active filter 
circuit. 
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Fig.23—Three-channel multiplexer. 


THREE CHANNEL MULTIPLEXER 


Fig. 23 shows a schematic of a three channel multiplexer 
using a single CA3060 and a 3N138 MOS/FET as a buffer 
and power amplifier. 

When the CA3060 is connected as a high-input impedance 
voitage follower, and strobe ‘ON,’ each amplifier is 
activated and the output swings to the level of the input of 
that amplifier. The cascade arrangement of each CA3060 
amplifier with the MOS/FET provides an open loop voltage 

gain in excess of 100 dB, thus assuring excellent accuracy in 

the voltage follower mode with 100% feedback. 


Operation at +6 volts is also possible with several minor 
changes. First, the resistance in series with amplifier bias 


current (lagc) terminal of each amplifier should be 
decreased to maintain 100 uA of strobe—“ON” current at 
this lower supply voltage. Second, the drain resistance for the 
MOS/FET should be decreased to maintain the same value of 
source current. The low cost dual-gate protected MOS/FET, 
RCA-40841, may be used when operating at the low supply 
voltage. , 

The phase compensation network consists of a single 3902 
resistor and a 1000-pF capacitor, located at the interface of 
the CA3060 output and the MOS/FET gate. The bandwidth 
of the system is 1.5 MHz and the slew rate is 0.3 volts/psec. 
The system slew rate is directly proportional to the value of 
the phase compensation capacitor. Thus, with higher gain 
settings where lower values of phase compensation capacitors 
are possible, the slew rate is proportionally increased. 


NON LINEAR APPLICATIONS 
AM Modulator (Two-Quadrant Multiplier) 


Fig. 24 shows Amplifier No. 3 of the CA3060 used in an AM 
modulator or 2-quadrant multiplier circuit. When modulation 
is applied to the amplifier bias input, Terminal B, and the 
carrier frequency to the differential input, Terminal A, the 
waveform, shown in Fig. 24, is obtained. Fig. 24 is a result of 
adjusting the input offset control to balance the circuit so 
that no modulation can occur at the output without a carrier 
input. The sinearity of the modulator is indicated by the 
solid trace of the superimposed modulating frequency. The 
maximum depth of modulation is determined by the ratio of 
the peak input modulating voltage to V ~ 


The two-quadrant multiplier characteristic of this modulator 


is easily seen if modulation and carrier are reversed as shown 


in Fig. 24. The polarity of the output must follow that of the 


differential input; therefore, the output is positive only 


during, the positive half cycle of the modulation and negative 


only in the second half cycle. Note, that both the input and 


output signals are referenced to ground. The output signal is 


zero when either the differential input or | age are zero. 
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Fig.24—Two-quadrant multiplier circuit using the CA3060 
with associated waveforms. 


Four-Quadrant Multiplier 


The CA3060 is also useful as a four-quadrant multiplier. A 
block diagram of such a multiplier, utilizing Amplifier Nos. 
1, 2, and 3, is shown in Fig. 25 and a typical circuit is shown 
in Fig. 26. The multiplier consists of a single CA3060 and, as 
in the two-quadrant multiplier, exhibits no level shift 
between input and output. In Fig. 25, Amplifier No. 1 is 
connected as an inverting amplifier for the X-input signal. 
The output current of Amplifier No. 1 is calculated as 
follows: 


1901) = (-Vx) [99401] (Eq.3) 
Ampl!. No. 2 is a non-inverting amplifier so that 
1o(2) = [+V x] (994(2)] (Eq. 4) 


Because the amplifier output impedances are high, the load 
current is the sum of the two output currents, for an output 
voltage 


Vo = VxRx [927(2) - 994 (1)] (Eq. 5) 


The transconductance is approximately proportional to the 
amplifier bias current; therefore, by varying the bias current 
the 991 is also controlled. Amplifier No. 2 bias current is 
proportional to the Y-input signal and is expressed as 


(V-) + Vy 


| e—_——— (Eq. 6) 
ABC(2) Ry 

Hence, 
921 (2) =k [(V-) + Vy]. (Eq. 7) 


Bias for Amplifier No. 1 is derived from the output of 
Amplifier No. 3 which is connected as a unity-gain inverting 
amplifier. VABC(1)- therefore, varies inversely with Vy. 
And by the same reasoning as above 


994 (1) =k [(V-)- Vy]. 


Combining equation 5, 7, and 8 yields: 


(Eq. 8) 


VoeVx "ke Ri {(V-) + Vyl Z [(V-) ; Vy) or 
Vo =2k Re Vx Vy 


Fig. 26 shows the actual circuit including all the adjustments 
associated with differential input and an adjustment for 
equalizing the gains of Amplifiers No. 1 and No. 2. 
Adjustment of the circuit is quite simple. With both the X 
and Y voltages at zero, connect Terminal 10 to Terminal 8. 
This procedure disables Amplifier No. 2 and permits 
adjusting the offset voltage of Amplifier No. 1 to zero by 
means of the 100-k{2 potentiometer. Next, remove the short 
between Terminals 10 and 8 and connect Terminal 15 to 
Terminal 8. This step disables Amplifier No. 1 and permits 


Amplifier No. 2 to be zeroed with the other potentiometer. — 


With AC signals on both the X and Y input, R3 and R11 are 
adjusted for symmetrical output signals. Fig. 27 shows the 
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output waveform with the multiplier adjusted. The voltage 
waveform in Fig. 27a shows suppressed carrier modulation of 
1-kHz carrier with a triangular wave. 


= 92CS-15a62 


Fig.25—Four-quadrant multiplier using the CA3060. 


Figures 27b and 27c, respectively, show the squaring of a 
triangular wave and a sine wave. Notice that in both cases the 
outputs are always positive and return to zero after each 
cycle. 
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Fig.27—Voltage waveforms of four-quadrant multiplier 


circuit. 
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CA3075 


FM IF Amplifier - Limiter, 
Detector, and Audio Preamplifier 


For FM IF Amplifier Applications Up To 20 MHz In 
Communications Receivers And High-Fidelity Receivers 


Features: 

@ Good sensitivity: Input limiting voltage (knee) = 250;:V typ. at 10.7 MHz 
e Excellent AM rejection: 55 dB typ. at 10.7 MHz 

@ Internal Zener diode regulation for the IF amplifier section 

e Low harmonic distortion 

@ Differential peak detection: Permits simplified single-coi! tuning 

e Audio preamplifier voltage gain: 214dB typ. 

@ Minimum number of external parts required 


RCA CA3075 is an integrated circuit which provides, 
in a single monolithic chip, an FM IF subsvstem for 
Communications and High-Fidelity Receivers This de- 
vice, shown in the schematic diagram (Fig. 2), con- 
sists of a multistage IF amplifier-limiter section with 
a Zener regulated power supply, an FM detector stage, 
and an AF preamplifier section. A typical application 
of the CA3075, in FM receiver circuits, is shown in the 
block diagram (Fig. 1). 


The three-stage, emitter-follower-coupled IF amplifier 
section provides a 60-dB typ. voltage gain at an operat- 
ing frequency of 10.7 MHz and features, because of its 
‘transistor constant-current sink, an output stage with 
exceptionally good limiting characteristics. 


The FM detector section, which utilizes a differential- 
peak-detection circuit, requires only a single coil in the 
associated outboard detector circuit; hence, tuning the 
detector circuit is a simple procedure. 


The audio preamplifier circuit provides a 21-dB voltage 
gain with low impedance output for driving subsequent 
audio amplifier stages. 


The CA3075 utilizes a 14-lead dual-in-line plastic pack- 
age with leads in a special quad-formed arrangement. 
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PACKARO 
3308 OR 
EQUIVALENT 


*L MILLER 4505 OR EQUIVALENT 
“RB 33kM OR SUCH VALUE TO 
ADJUST Q OF COIL TO 55 100 pF 


6.8kN 


Fig. 2- Test Circuit for input limiting voltage, recovered 
AF voltage, and total harmonic distortion 
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AUDIO 
OUTPUT 


DETECTOR VOLTAGE 
REGULATOR 


AMPLIFIER 


EMITTER 
FOLLOWER 


“RECOMMENDED IC AMPLIFIER-LIMITER 
WS THE RCA CA3011, CA3012, OR CA3076. 


I 97456} 


Fig. 1- Block diagram of typical FM receiver utilizing the CA3075 


MAXIMUM RATINGS, Absolute-Moximum Values at Ta = 25°C 


DC Supply Voltage [ between Terminals 5 (V*) and 3 (v-)] 12.5 Vv 
DC Current (into Terminal 5)..........00c0cceeae 30 mA- 
Device Dissipation: 

Up too) 42500 C4 ace d o4. Sp Redes WOO SS bw ee 760 mW 

Above Ta = 50°C... eee eee eee eee eee eee ee derate linearly 7.6 mW/°C 
Ambient Temperature Range: 

Operating sec deci ne SNS ae ey SS a Seether oe — 55 to+ 125 °C 
- 65 to + 150 °C 

+265 °C 


SLOP ARE e: 62.5 seihals, wi 05h eee Salva, aceperate ere yene Gece: bee ee & 


Lead Temperature (During soldering for 10 8 max.)... 


@vt 


ALL RESISTANCE VALUES ARE IN OHMS 
ALL CAPACITANCE VALUES ARE IN pF 


92CL-16084 


Fig.3 — Schematic diagram of CA3075 


CA3075 


ELECTRICAL CHARACTERISTICS at Ta = 25°C 
CHARACTERISTIC 


Static Characteristics 


DC Voltage: 
At Terminal 7 
At Terminal 8 
At Terminal 12 


DC Current (into Terminal 5): 
At V* =8.5V 
At V*+=11.2V 
At V* = 12.5V 


auDio 
GENERATOR 
HEWLETT. 
PACKARO 


ac VTVaM 
BALLANTINE 
314 OR 


4 
EQUIVALENT 


IF AMPLIFIER fo = 10.7 MHz 
Input Limiting Voltage I (Modulation) = 400 Hz 


OR 
EQUIVALENT 


(knee, - 3dB point) Deviation = +75 kHz 
fg = 10.7 MHz 


DISTORTION 
ANALYZER 


AC VIVE 
BALLANTINE 
314 OR 


HEWLETT. 
PACKARD 


4 EQUIVALENT 
AM Rejection f(Modulation) = 400 Hz SoureaLeiit 
i lati =+ 
FM: Deviation +75 kHz Sev pacemnk 
AM: Modulation = 30% VOLTAGE GAIN DISTORTION 
1. SET AUDIO GENERATOR FOR V, = 100mV RMS 1, SET AUDIO GENERATOR FOR Vo = 2V RAS 
Input Impedance Components: 2. READ Vo 2. READ DISTORTION IN % 


3. GAIN = 20 LOG19 YofYl 


Parallel Resistance fo = 10.7 MHz 
Parallel Capacitance Vin = 10mV RMS 


9, SS-85b. 


Fig.4 — Test circuit for audio preamplifier voltage gain 
DETECTOR and total harmonic distortion 
Recovered AF Voltage (at fo = 10.7 MHz 
Terminal 12) f(Modulation) = 400 Hz 
Total Harmonic Distortion Deviation = + 75 kHz 


AUDIO PREAMPLIFIER 
Voltage Gain A(A Vin = l00mV, fo = 400Hz 


Total Harmonic Distortion THD Vout = 2V, fo = 400Hz 


AM 
GENERATOR 
MEASUREMENT 
OR EQUIVALENT 


FREQUENCY 
COUNTER 


wave 
ANALYZER 


HEWLETT. 
PACKARO 
3024 OR 
EQUIVALENT 


UNIVERTER 
HEWLETT- 
PACKARD 


207E OR 
EQUIVALENT 
TEST PROCEDURE 
1. CONNECT Fx GENERATOR, FREQUENCY COUNTER, AND 
UNIVERTER TO INPUT OF CA3075 
2. SET € = 10.7 wHE. Vy t 100 mV, 
(MODULATION) = 400 Hx, ((OEVIATION) = $75 kHz 
J. TUNE WAVE ANALYZER FOR PEAK READING AT 400 Hz 
4, RECORD FM Vol AF} 
6.8kM 5, DISCONNECT Fa GENERATOR 
6. CONNECT AM GENERATOR TO INPUT OF CA3075 
= 7. SET € = (OT WHa, ¥y = 100 mY, 
(MODULATION) = 400H2 WITH 30% MODULATION 
8. TUNE WAVE ANALYZER FOR PEAK READING AT 400 He 
9. RECORD AM Vo (AF) 


Fa SIGNAL 
GENERATOR 
HEWLETT- 
PACKARD 
202H OR 
EQUIVALENT 


| MILLER 4505 OR EQUIVALENT 


“R= 33kM OR SUCH VALUE TO an 
ADJUST Q OF COIL TO 55 — 


FarVg(AF) 
AMV (AF) 


AM REJECTION = 20 LOGi9 


9758 tSeb 9285-4564 


Fig.5 — Test circuit for AM rejection Fig. 6-Test circuit for static characteristics 
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CA3076 


High-Gain Wide-Band 
IF Amplifier-Limiter 


For FM IF Amplifier Applications 
in Communications Receivers 


RCA CA3076, monolithic integrated circuit, is a high- 
gain wide-band amplifierlimiter for use in the IF sec- 
tions of Communications and High-Fidelity FM Receivers. 
The CA3076, shown in the schematic diagram (Fig. 2), 
consists of a four stage IF amplifier-limiter section 
with a voltage regulator section. A typical application 
of the CA3076 in FM receiver circuits is shown in the 
block diagram (Fig. 1). 

The fourstage emitterfollowercoupled IF amplifier 
section provides an 80-dB voltage gain with a 2-kilohm 
load at a frequency of 10.7MHz. The output stage has 
exceptionally good limiting characteristics because of . 
its transistor constant-current sink. The voltage re- 
gulator section provides zener-regulated, decoupled volt- 
ages for the IF amplifier. 


The CA3076 utilizes an hermetically-sealed 8&lead TO-5 
package. 


MAXIMUM RATINGS, Absolute Maximum-Values at Ty = 25°C 


DC Supply Voltage [ between Terminals 7(V*) and 3(v7>| 
DC Current (into Terminal 7). .... cece ve cvcceses 
Device Dissipation: 
UD fT A S507 .G iis isc teaon'-e 69 ew arhie wie gree a 
Above: Tg: = 50" Cs sad cecteen de ¢aro wee add, add 


Ambient Temperature Range: 


OPGEAbin goa er x \ove oe etek wh ete eee eee ce ae Se ee Sw ~ 55 to + 125 

SlOMARC. vg eae eo ws ee eke ees Boe Jeni aca Ms) - 65 to + 150 
Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) from seating plane 

LOR TO5S MAX cosird. 6: & oe we Blea ee ee eS ee we + 265 


ELECTRICAL CHARACTERISTICS at Ta = 25°C 


CHARACTERISTIC symBo. | GES! st UNITS 
Sioa ar a 
TYP. | MAX. 


Static Characteristics — V*t = 8.5V 


a CO CIE 


(into Term, 4) 
Dynamic Characteristics — V* = 8.5V, fg = 10.7MHz 
Input Limiting Voltage (knee, 
Output Voltage Vj = 20uV zx 
Output Noise Voltage Vv; =0 


Forward Transfer Admittance: 
Magnitude mho 
Phase degrees 


Reverse Transfer Admittance: 
Magnitude pumho 
Phase degrees 


fae) 

o 

Oo 
3 3 


Input-Impedance Components: 
Parallel Resistance - 
Parallel Capacitance 


= 
+e) 


pF 


Output-Impedance Components: 
Parallel Resistance 
Parallel Capacitance 


5 = te 
™D 
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derate linearly 5 mW/°C 


IF AMPLIFIER. | 
LIMITER, 
DETECTORS 
PREAMPLIFIER] AUDIO 
OUTPUT 


10.7 MHz 10.7 MHz 
FILTER FILTER 


“Ry, Ro SELECTED FOR PROPER FILTER MATCHING 


| “RECOMMENDED IC IF AMPLIFIER-LIMITER, 
J DETECTOR, PREAMPLIFIER IS THE RCA CA3075 


9255-4569 


Fig. 1- Block diagram of typical FM receiver utilizing the CA3076. 


Features: 

@ exceptionally good sensitivity: input limiting voltage (knee) = 50 uV 
typ. at 10.7 MHz 

@ high gain: 80 dB with 2-kilohm load 

@ internal voltage supply regulator 

@ wide frequency capability: > 20MHz 


RF GENERATOR 
4 (10.7 MH2) 
HEWLETT. 
mA PACKARD 
608C OR 
-| EQUIVALENT 
mW REFERENCE INPUT VECTOR 


VOLTMETER 


ATTENUATOR EQUIVALENT 
8) 


(40 dB) 
re) 
Cc KAY 30-0 
é 432C OR 
Cc EQUIVALENT 
°C 


5735-4554 


Fig. 2- Forward transfer admittance (Y9}) 
test circuit . 


9285-4570 


Fig. 3- Test circuit for DC current (Terminal 7) 
and operating current (Terminal 4). 


Notes: 

Terminal No. § wire-connected to the case. 

Terminals No. 3 and 6 which are connected to the substrate 
should be connected to the most negative point in the circuit. 
The resistonce values included on the schematic diagram 
have been supplied os a convenience to assist Equipment 
Monufocturer's in optimizing the selection of ‘‘outboord’’ 
components of equipment designs. The values shown may 
vary as much as + 30%. 

RCA reserves the right to make any changes in the Resist- 
once Volues provided such changes do not adversely affect 
the published performance characteristics of the device. 


1OK 92S$S - 4568 


Fig. 4 -Schematic diagram of CA3076. 


ATTENUATOR 
(60 dB OR OdB) 
KAY 30.0 
432C OR 
EQUIVALENT 


CERAMIC 

FILTER 

MURATA 

CFP 10.7 MA 
OR 

EQUIVALENT 


RF GENERATOR 
(10.7 MHz) 
HEWLETT. 
PACKARD 
608C OR 
EQUIVALENT 


MURATA FILTER 
TYPICAL VALUES 
Rw = Rout = 3300 


INSERTION LOSS = 6dB TYP. 
BANDWIDTH (AT -34B) = 240kHr 


RF VTVM 
BOONTON 
91D OR 

EQUIVALENT 


TEST PROCEDURE 

OUTPUT VOLTAGE: 

1. SET ATTENUATOR TO 048 

2. SET RF GENERATOR TO 204 CW 
3. READ Vo IN mv 

OUTPUT NOISE VOLTAGE: 

1. SET ATTENUATOR TO 6048 


2. READ Vo IN mV 
9288-4571 


Fig. 5- 10.7 MHz voltage gain and noise test circuit 


CA3076 


141 


CA3078, CA3078A Types | 
Micropower Operational Amplifier 


The RCA CA3078T and CA3078AT are high-gain 
monolithic operational amplifiers which can deliver milli- 
amperes of current yet only consume microwatts of standby 
power. Their operating points are externally adjustable and 
frequency compensation may be accomplished with one 
external capacitor. The CA3078T and CA3078AT provide 
the designer with the opportunity to tailor the frequency 
response and improve the slew rate without sacrificing 
power. Operation with a single 1.5-volt battery is a practical 
reality with these devices. 


The CA3078AT is a premium device having a supply voltage 
range of v* = 0.75V to Vt = 15V and an operating 
temperature range of -55°C to +125°C. The CA3078T has 
the same lower supply voltage limit but the upper limit is V* 

+6V and V~=-6V. The operating temperature range is from 
O°C to +70°C. 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 


Input Offset Voltage 


> 

se] 

Cc 

24 

t3) 

n 

2) 

Cc 

a 

ia 

55°) 

3 

oad 
las 
@) 

i 


* 
ry 


ua 
ro) 


Common-Mode Input Voltage 
Range 


Input Offset Voltage Sensitivity 


Positive 


— 


a 
OQ 


Input Offset Current 


OPE RATING CONSIDERATIONS 


Compensation Techniques 


The CA3078AT and CA3078T can be phase-compensated 
with one or two external components depending upon the 
closed-loop gain, power consumption, and speed desired. The 
recommended compensation is a resistor in series with a 
capacitor connected from terminal 1 to terminal 8. Values of 
the resistor and capacitor required for compensation as a 
function of closed loop gain are shown in Figs. 24 and 25. 
These curves represent the compensation necessary at 
quiescent currents of 20 uA and 100 A, respectively, for a 
transient response with 10% overshoot. Figs. 21 and 22 show 
the slew rates that can be obtained with the two different 
compensation techniques. Higher speeds can be achieved 
with input compensation, but this increases noise output. 
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“ Device Dissipation 


TEST 


[op) 


The CA3078 and CA3078A are supplied in either the 
standard 8-lead TO-5 package (“T’ suffix), or in the 
8-lead dual-in-line formed-lead ‘‘DIL-CAN” package ("S” 
suffix). 


MAXIMUM RATINGS, Absolute Maximum Values at Ty = 25°C 


DC Supply Voltage (between V* and V’ terminal 
Differential Input Voltage 
OC Input Voltage 

Input Signal Current 
Outpuf Short-Circuit Duration” 


ry 


Temperature Range: 


Operating < =. eee e ew hase led SA eA, Tek hte We 


Storage 

Lead Temperature (During Soldering): 
At distance 1/16 +1/32 in. (1.59 40.79 mm) 
from case for 10s max. 


*Short circuit may be applied to ground or to either supply. 


ee oe we ee ew 


Cr 


2 


CT 


a cd 


Features: Applications: 


® Low standby power: as low as 700 nW # Portable electronics 
® Wide supply voltage range: +0.75 to +15 V _'@ Medical electronics 
® High peak output current: 6.5 mA min. ® !nstrumentation 

® Adjustable quiescent current ® Telemetry 

® Output short-circuit protection 


CA3078AT CA3078T 


36V 14V 


Mair ata ee +6V +6V 
ne. arr vt to Vv vt tov" 
nd eee a 0.1 mA 0.1 mA 


No Limitation 
500 mW (up to 70°C) 


No Limitation 
50 mW (up to 125°C) 


Ce -55 to +125°C 0 to +70°C “ 
eta wg fam -65 to +150°C -65 to +150°C 
os Aes +300°C +300°C 


4 Types CA3078S and T can be operated over the temperature range of -55 to +125° C, although 
the published limits for certain electrical specifications apply only over the temperature range of 


0 to 70° C. 


____CA3078T LIMITS 


CHARACTERISTICS SYMBOLS CONDITIONS Roey = 1 MQ,IQ = 100 LA Rset = 
v* Ta =0to 
& | Rg | Ry Tp = 25°C 70°C 
Vv § § 


A 
cw 
xz 
tw 
+ 
< 
v 


iN 
— 
[e) 


pay W 
3 a 
[e) jo) 


4 Xx 
jo) jo) 


Compensation can also be accomplished with a single 
Capacitor connected from terminal 1 to terminal 8, with 
speed being sacrificed for simplicity. Table 1 gives an 
indication of slew rates that can be obtained with various 
compensation techniques at quiescent currents of 20 vA and 
100 pA. 


Single Supply Operation 


The CA3078AT and CA3078T can operate from a single 
supply with a minimum total supply voltage of 1.5 volts. 
Figs. 27 and 28 show the CA3078AT or CA3078T in 
inverting and non-inverting 20-dB amplifier configurations 
utilizing a 1.5-volt type ““AA” cell for a supply. The total 
power consumption for either circuit is approximately 675 
nanowatts. The output voltage swing in this configuration is 
300 mV p-p with a 20 kQQ load. 


CA3078AT LIMITS 


5.1 MQ2,1q = 20 uA 
Ta =~55 to 


oO 
; ELE als 


Se 


NOTE PIN 8 !S INDICATED BY THE CASE INDEX TAB 
92CS-17$S2k 


Fig.1 — Functional diagram of the CA3078T 
and CA3078AT. 


CA3078, CA3078A Types 


SUPPLY VOLTS V+t=+6, V—©-6 
AMBIENT TEMPERATURE (T,)* 25°C 
SOURCE RESISTANCE (Rs) <i0 KO 


INPUT OFFSET MILLIVOLTS (Vy9) 


hf 20 a ae 
ee ie an 
2 4 668 2 4 68 2 4 6 8 
10 100 1000 
TOTAL QUIESCENT MICROAMPERES (Iq) 
92CS - 19632 


Fig.3 — Input offset voltage vs. total quiescent current. 


92CS-I17TS5IRI 


Fig.2-Schematic diagram of the CA3078T and CA3078AT. 


Typical Values Intended Only for Design Guidance at Ta = 25°C and Vt = +6 V, V- = 6 V 


CA3078AT CA3078T 


Rgey = 5.1M2| Rog = 1MQ) Rog =1MQ] UNITS 
Iq = 20 uA Iq= 100 NA |!q = 100pA 


Unity Gain 
Comparator 


ELECTRICAL CHARACTERISTICS, at Ta = 25°C 
Typical Values Intended Only for Design Guidance 


TYPICAL VALUES 


[___"casoyeat Sd CA3078T 
+ 


CHARACTERISTICS 
SYMBOLS 


+ 
AVio/ Avt 


INPUT-OFFSET NANOAMPERES (Iz) 


INPUT BIAS NANOAMPERES (Trp) 
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SUPPLY VOLTS V+=+6, V~=—6 B y || | 
AMBIENT TEMPERATURE (Ta) 25°C eee 
ae a a a 
aaa CT aT tot 4 
aa At eri tt Pt 
Mae dil FO bbl 
a 
i Te 
GG a”. di CD GS GG a 
as BS OA GO DS CH 
eae Ll i ee 
Amt Cnet ie Sriee 
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Pe ee 
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DA a a OS SS GE 3 GAS 
SSS eeeie 
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92CS-19631 


Fig.4 — Input offset current vs. total quiescent current. 
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Fig.5 — Input bias current vs. total quiescent current. 
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Fig.6 — Open-loop voltage gain vs. total quiescent current. 
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CA3078, CA3078A Types 


AMBIENT TEMPERATURE (Tq)=25 °C 
Roe t CONNECTED BETWEEN TERMINAL 5 AND V* 


SUPPLY VOLTS V*=+6,V~=-6 TQ V*=415,V~=-I5V 
AMBIENT TEMPERATURE(Ta): 25 °C 


46.- 


+ 


MAXIMUM OUTPUT MILLIAMPERES(Iom,low } 


SUPPLY vouTs V+? +15 


xi ems oe Go cl 0 lyn Ole ce 


OUTPUT VOLTAGE SWING ( Vopp) — VOLTS 


BIAS-SETTING RESISTANCE (Rogy) — M2 
Sssass += 
: + e 


il SUPPLY VOLTS vt=+13,V7==-1.3 
ry Bs AMBIENT TEMPERATURE (Ty) = 25°C 
ie) 0.5 10 5 20 
0.01 0 OO! TOTAL QUIESCENT MICROAMPERES (Ig) 
TOTAL QUIESCENT MICROAMPERES (Ig) apeee TOTAL QUIESCENT MICROAMPERES (Ig) 9208-19627 
92C$-19630 
Fig.7 — Bias-setting resistance vs. total quiescent current. Fig.8 — Maximum output current vs. total quiescent current. Fig.9 — Output voltage swing vs. total quiescent current. 


Oe TOTAL QUIESCENT CURRENT(Ig)=20 pA 


CA3078T 

SUPPLY VOLTS =V*=6, V7=-6 
QUIESCENT CURRENT (Ig)=|00nA 
LOAD RESISTANCE (R )=10kQ 
AMBIENT TEMPERATURE (Ta)=25°C 
C).BETWEEN TERMINALS | & 8 


{AoL)— dB 
(AgL)— dB: 


20} CAZ078AT 
SUPPLY VOLTS =V*=6, V7=~6 
QUIESCENT CURRENT (Ig)=20 pA 
QO} LOAD RESISTANCE (R )=10k2 
AMBIENT TEMPERATURE (Tg)=25°C 
C) BETWEEN TERMINALS 1&8 


OPEN LOOP VOLTAGE GAIN 
PHASE ANGLE (¢)—DEGREES 

OPEN LOOP VOLTAGE GAIN 
PHASE ANGLE (¢)—DEGREES 


ICR) — VOLTS 


Ky 1 10 10 103 104 105 106 
FREQUENCY (f) —~Hz 


FREQUENCY (f) Hz 


92CS-19594 92CS-19593 


eee 


Fig.10 -- Open-loop voltage gain vs. frequency 


for Iq = 100 UA — CA3078T. Fig.12-— Open-loop voltage gain vs. frequency 


for!Q=20UA — CA3078AT. 


PEAK OUTPUT VOLTS (Vom) 


COMMON MODE INPUT VOLTAGE RANGE (V 


17S SUPPLY VOLTS: vt=46,V7=— 


A cist Rte 
He T2100 pA. 


o 4 


aone 
ASOTBAT 


ice rn 
eter a 


Fig.11'— Output and common-made voltage vs. supply voltage. 
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INPUT -OFFSET NANOAMPERES(Iy9i—CA3078T 


AMBIENT TEMPERATURE (T,} — °C . AMBIENT TEMPERATURE (Ta) — °C 
92CS-19628 92CS-19625 


Fig.13 — Input offset voltage vs. temperature. Fig.14 — Input offset current vs. temperature. 
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INPUT BIAS NANOAMPERES (I7—)—-CA3078T 


INPUT BIAS NANOAMPERES(Ir,_) —CA3078AT 


TOTAL QUIESCENT MICROAMPERES(Ig) —CA3078AT 
TOTAL QUIESCENT MICROAMPERES(Ig) —CA3078T 


Ca CI a Ci 
-75 -50 -25 (e) 25 50 75 100 125 -~75 -50 -25 te] 25 50 75 100 125 -75 -50 ~25 0 25 50 75 tele] 125 
AMBIENT TEMPERATURE (Ta) — °C AMBIENT TEMPERATURE (Ta) — °C AMBIENT TEMPERATURE (T,} — °C 
92C$-19623 : 92cs8 -19624 92CS~-196 26 
Fig.15 — Input bias current vs. temperature. Fig.16 —- Open-loop voltage gain vs. temperature. Fig.17 — Total quiescent current vs, temperature. 


144 


n 
g 
ee 
> 
ec 
z 
yw 
wi 
a 
3 
> 
ud 
a} 
fe} 
2 
i 
> 
a 
= 
- 
2 
Wd 
z 
2 
2 
9 
Ww 


SLEW RATE (SR}—V/us 


PHASE ~— COMPENSATION CAPACITOR {C,)—— pF 
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100! SUPPLY VOLTAGE: V*=6V, V-=-6V 
AMBIENT TEMPERATURE (Ta)*25°C 


FREQUENCY (f)} ——Hz 92CS-20261 


Fig.18 — Equivalent input noise voltage vs. frequency. 


RESISTOR -CAPACITOR 
COMPENSATION 

(R, -C) BETWEEN 
TERMINALS | 88) 


SUPPLY VOLTS: V+ = +6,V" = -6 

QUIESCENT CURRENT (Iq) = 20uA 
AMBIENT TEMPERATURE (Ta) = 26°C 

LOAD IMPEDANCE: R, = 10 K{2, Cy = 100 pF 
FEEDBACK RESISTANCE (Rp) = 0.1 M&2 
OUTPUT VOLTAGE (Vopp) = 10 V 


R, DETERMINED FOR TRANSIENT 
RESPONSE WITH 10% OVERSHOOT 
ON A 100 mV OUTPUT SIGNAL 
a (Ry x Cy = 2x 106) 
{e} 0 20 30 40 50 60 70 80 90 
CLOSED-LOOP NON-INVERTING VOLTAGE GAIN— dB 


6 19! 237 _ 40 60 70 80 90 
CLOSED-LOOP INVERTING VOLTAGE GAIN—— dB . 
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Fig.21 — Slew rate vs. closed-loop gain 
for 1qQ = 20 UA — CA3078AT. 


SUPPLY VOLTS: Via 6 6 
QUIESCENT CURRENT (Iq) = 100 yA 
AMBIENT TEMPERATURE (Ta) = 25 C 

LOAD IMPEDANCE: Ry = 10 KS2, Cy = 100 pF 
FEEDBACK RESISTANCE (Re) = 0.1 Mi2 
OUTPUT VOLTAGE (Vopp) = 100 mV 

Ry DETERMINED FOR TRANSIENT 
RESPONSE WITH 10% OVERSHOOT 

ON A 100 mV OUTPUT SIGNAL 

(Ry x Cy = 2.5 x 10°6) 
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6+ COMPENSATION 
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TERMINALS | & 8) 


ie) 10 20 30 70 ei 90 
CLOSED-LOOP NONINVERTING VOLTAGE GAIN —— dB 
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Fig.24 — Phase compensation capacitance 
vs. closed-loop gain — CA3078T. 
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SUPPLY VOLTS V*= *6,V > 6 
QUIESCENT CURRENT (Iq) = 204A 
AMBIENT TEMPERATURE (Ta) = 25 C 

LOAD IMPEDANCE. Ry = 10 Ki2, Cy = 100 oF 
FEEDBACK RESISTANCE {Rp} ~ 0.1 Mi? 
OUTPUT VOLTAGE (Vopp) = 100 mV 

Ry DETERMINED FOR TRANSIENT 
RESPONSE WITH 10% OVERSHOOT 

ON A 100 mV OUTPUT SIGNAL 

(Ry x, > 2% 108) 


0 10 20 30 40 50 60 70 80 8690 
CLOSED-LOOP NONINVERTING VOLTAGE GAIN-— dB 
0 6 ig! 297 40 $0 60 70 80 90 
CLOSED-LOOP INVERTING VOLTAGE —— dB 92CS 19590 


Fig.25 — Phase compensation capacitance 
vs. closed-loop gain — CA3078AT. 


CA3078, CA3078A Types 


SUPPLY VOLTAGE: V* =6V,V—~*=-6V 
AMBIENT TEMPERATURE (Ta)=25°C 


-poqc7 


SLEW RATE (SR)—Vius 


[-] LOAD IMPEDANCE: Ax = 10 KS, CL = 100 pF 
|] FEEDBACK RESISTANCE (Rf) « 0.1 MS? 
OUTPUT VOLTAGE (Vopp) = 10 V 
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RESPONSE WITH 10% OVERSHOOT 
ON A 100 mV OUTPUT SIGNAL 
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Fig.20 — Slew rate vs. closed-loop gain 
for 1g = 100 UA — CA3078T. 


Fig. 19 — Equivalent input noise current vs. frequency. 


CA3078T ‘J 
CA3078AT Vout Vout 
oye) des. 3 q 
VIN (Oo 
Ry t OPTIONAL 
R2-Cp | COMP. 
Ri (OPTIONAL 
R2-C2 { COMP. 
22 Cer TOS GR 92CS-17554Ri 
Fig.22 — Transient response and slew-rate, Fig.23 — Slew, rate, unity gain (non-inverting) test circuit. 
unity gain (inverting) test circuit. 
Table | - Unity-gain slew rate vs. compensation — CA3078T and CA3078AT 


SUPPLY VOLTS: V* =6, V'= 6 TRANSIENT RESPONSE: 10% OVERSHOOT FOR AN OUTPUT 


VOLTAGE of 100 mv 
OUTPUT VOLTAGE (VQ) = +5V AMBIENT TEMPERATURE (Ta) = 25°C 
LOAD RESISTANCE (R,) = 10 kQ2 


UNITY GAIN (INVERTING) Fig. 22 UNITY GAIN (NON-ANVERTING) Fig. 23 
ie ee 


COMPENSATION 
TECHNIQUE 


CA3078T — Iq = 100 HA 


Single Capacitor 
Resistor & Capacitor 


CA3078AT — Ig = 20 HA 
|_Single Capacitor | 0.0095 
Restor Bape 0.027 


R =30MQ 


LSV 
"AA" CELL 


92CS-17557R2 


92CS -17555R2 ~ 


Fig.27 — Inverting 20-08 amplifier circuit. Fig.28 — Non-inverting 20-dB amplifier circuit. 
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CA3080, CA3080A Types — 


Operational Transconductance 


Amplifiers (OTA’s) 
Gatable-Gain Blocks 


The RCA-CA3080 and CA3080A types are 
Gatable-Gain Blocks which utilize the unique 
operational-transconductance-amplifier(OTA) 
concept described in Application Note ICAN- 
6668, “Applications of the CA3080 and 
CA3080A High-Performance Operational 
Transconductance Amplifiers’’. 

The CA3080 and CA3080A types have 
differential input and a single-ended, push- 
pull, class A output. In addition, these 
types have an amplifier bias input which 
may be used either for gating or for linear 
gain control. These types also have a high 
output impedance and their transconduc- 
tance (gm) is directly proportional to the 
amplifier bias current (ABC). 

The CA3080 and CA3080A types are not- 
able for their excellent slew rate (50 V/us), 
which makes them especially useful for 
multiplex and fast unity-gain voltage fol- 
lowers. These types are especially applicable 
for multiplex applications because power 


is consumed only when the devices are in 
the ‘‘ON” channel state. 

The CA3080A is rated for operation over 
the full military-temperature range (—55 to 
+125°C) and its characteristics are specifi- 
cally controlled for applications such as 
sample-hold, gain-control, multiplex, etc. 
Operational transconductance amplifiers are 
also useful in programmable power-switch 
applications, e.g., as described in Application 
Note 1CAN-6048, ‘‘Some Applications of a 
Programmable Power Switch/Amplifier’’ (CA- 
3094, CA3094A, CA3094B). 

These types are supplied in the 8-lead TO-5 
style package (CA3080, CA3080A), and in 
the 8-lead TO-5 style package with dual-in- 
line formed leads (“DIL-CAN’’, CA3080S, 
CA3080AS). The CA3080 is also supplied 
in the 8-lead dual-in-line plastic (MINI-DIP’’) 


package (CA3080E), and in chip form 
(CA3080H). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE (Between V* and V~ terminals) . 


DIFFERENTIAL INPUT VOLTAGE 
DC INPUT VOLTAGE. . 
INPUT SIGNAL CURRENT . 
AMPLIFIER BIAS CURRENT. a. 
OUTPUT SHORT-CIRCUIT DURATION* . 
DEVICE DISSIPATION 
TEMPERATURE RANGE: 
Operating 
CA3080, CA3080E, CA3080S 
CA3080A, CA3080AS . 
Storage. . 2. . 1. we ee et 
LEAD TEMPERATURE (During Soldering): 
At distance 1/16 + 1/32 in. (1.59 0.79 mm) 
from case for 10s max. a 


2mA 
indefinite 
125 mW 


Oto+70°C 
—55 to + 125 °C 
—65 to + 150 °C 


+ 265 °C 


* Short circuit may be applied to ground or to either supply. 


AMPLIFIER 
BIAS INPUT 


92CS-17587 


Fig.2 — Schematic diagram for CA3080 
and CA3080A. 
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INPUT OFFSET MILLIVOLTS (VyQ) 


pore vO ee a testo 


a 
Sal ee eee 
Pee es a | 
get TIT ic Sat SE ese I Shela 

2 466 2 468 2 468 2 468 
0.1 | 10 100 1000 
AMPLIFIER BIAS MICROAMPERES ( Iapc) 


92CS-175868 
Fig.3 — Input offset voltage as a function of 
amplifier bias current. 


Features: 


Slew rate (unity gain, compensated): 50 V/us 
Adjustable power consumption: 10u.W to 30 mW 
Flexible supply voltage range: +2 V to+15V 
Fully adjustable gain: 0 to gyR_ limit 
Tight gm spread: CA3080 (2:1), CA3080A (1.6:1) 
Extended gmp linearity: 3 decades 


Applications: 
Sample and hold 
Multiplex 


Voltage follower 
Multiplier 


e 


Comparator 


AMPLIFIER 
BIAS INPUT 


ve 
NOTE: PIN 41S CONNECTED TO CASE 
TOP VIEW 92CS-~24770R1 


TO-5 Style Package 


Nc (1) (8) NC 
INV. + 
input @ | Ov 
NON-INV. ouTPUT 
INPUT 2 © 
_ AMPLIFIER 
ve @ ©) Bias INPUT 


TOP VIEW 
92Cc$-24771 


Plastic Package (CA3080E) 


Fig.1 — Functional diagrams. 


TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS FOR THE CA3080 AND CA3080A 
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Fig.4 — Input offset current as a function of 
amplifier bias current. 


CA3080, CA3080A Types 
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ELECTRICAL CHARACTERISTICS TYPICAL CHARACTERISTICS CURVES AND 
For Equipment Design TEST CIRCUITS (Cont'd) 
TEST CONDITIONS | CA3080 3 
re anna CA3080E 6 
4 ps rm tad CA3080S : za 
CHARACTERISTIC ABC “a LIMITS UNITS 3p 
Ta = 25°C | eae Gomi 
(unless indicated 2 — 
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Fig.5 — Input bias current as a function of 
amplifier bias current. 
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Fig.7 — Peak output voltage as a function of 
amplifier bias current. 
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Fig.8 — Amplifier supply current as a function of 
amplifier bias current. 
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CA3080, CA3080A Types 


ELECTRICAL CHARACTERISTICS TYPICAL CHARACTERISTICS CURVES AND 
For Equipment Design =: TEST CIRCUITS (Cont'd) 


Input Offset Current lio 


Input Bias Current I Ta = —55 to+ 125°C 


Forward Transconductance fe 7700 | 9600 
(large signal) gm Ta = —55 to + 125°C 4o00| —- | 
) ape = 5uAML=0 | 3 | 6 | 7 


A i 10 100 
AMPLIFIER BIAS MICROAMPERES (Iago) __ 
92CS -17594 


Fig.9 — Total power dissipation as a function of 
amplifier bias current. 
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Input Offset Voltage Sensitivity: | 
Positive 
| Negative © AVi9Q/AV— 
| = 0, VTp=0 0.0 
Magnitude of Leakage Current ABC TE 
1ABC = 0, VTp = 36 V 0.3 


Differential Input Current lIaBC = 0, VpiFF=4V | | 0.008 
t 
2 


Negative TEST POINT 
TP 
Positive 


92CS-17595 


. Fig.10 — Leakage current test circuit. 
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Fig.11 — Leakage current as a function of temperature. 
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Fig. 12 — Differential input current test circuit. 
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CA3080, CA3080A Types 


TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS (Cont'd) 
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Fig.19 — Input-to-output capacitance test circuit. Fig.20 — Input-to-output capacitance as a 
function of supply voltage. 
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Fig.21 — Schematic diagram of the CA3080 and CA3080A in a unity-gain voltage follower 
configuration and associated waveform. 
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CA3080, CA3080A Types 


SLEW RATELIN SAMPLE MODE): 1.3 V/ys 
ACQUISITION TIME*©3 us 


INPUT 
* TIME REQUIRED FOR OUTPUT TO SETTLE 
WITHIN: +3mV OF A 4- VOLT STEP 


STORAGE AND PHASE 
COMPENSATION NETWORK 


SAMPLE Ov 
HOLD -iSV Ah 
Ve —I5V 


92CS-17606 


Fig.22 — Schematic diagram of the CA3080A in a sample-hold configuration. 
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Fig.23 — 1,000,000/1 single-control function generator — 1 MHz to 1 Hz. 
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mo Fig.26 — Large-signal response and settling time 
Fig.25 — Sample- and hold circuit. for circuit shown in Fig.25. 
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(a) — Two-tone output signal from the function 
generator. A square-wave signal modulates 
the external sweeping input to produce 
1 Hz and 1 MHz, showing the 1,000,000/1 
frequency range of the function generator. 


92C5-28588 


(b) — Triple-trace of the function generator sweep- 
ing to 1 MHz. The bottom trace is the sweep- 
ing signal and the top trace is the actual gen- 
erator output. The center trace displays the 
1 MHz signal via delayed oscilloscope trigger- 
ing of the upper swept output signal. 


Fig.24 — Function generator dynamic characteristics 
waveforms. 
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Fig.27 — Sampling response for circuit 
shown in Fig. 25. 


-CA3080, CA3080A Types 
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Fig.28 — Input and output response for 


92CS~- 22619R} 
circuit shown in Fig. 25. 


Fig.29 — Thermocouple temperature control with CA3079 zero voltage switch as 
the output amplifier. 
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Fig.30 — Schematic diagram of the CA3080A in a sample- 
hold circuit with BiMos output amplifier. 
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Fig.31 — Large-signal response for circuit shown 
in Fig. 30. 


Fig.32 — Smaltl-signal response for circuit shown 
in Fig. 30. 
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CA3081, CA3082 Types 


General-Purpose High-Current 
N-P-N Transistor Arrays 


CA3081—Common-Emitter Array CA3082-—Common-Collector Array 


Directly Drive 7-Segment Incandescent Displays 

and Light-Emitting-Diode (LED) Displays 

Features 

@ 7 transistors permit a wide range of applications in either a common-emitter 
(CA3081) or common-collector (CA3082) configuration 

® High ic: 100mA max. © Low VCE gat (at50 mA): 0.4 V typ. 

Applications 

® Drivers for: 
~ Incandescent display devices (e.g. RCA NUMITRON DR2000 Series and lamps) 
~ LED (e.g. RCA-SG1002 GaAs High-Efficiency Emitting Diode) 
~ Relay control —Thyristor firing 


RCA-CA3081* and CA3082* consist of seven high-current 
(to 100 mA) silicon n-p-n transistors on a common mono- CA308B1 
lithic substrate. The CA3081 is connected in a common- . 
emitter configuration and the CA3082 is connected in a 
common-collector configuration. 


The CA3081 and CA3082 are capable of directly driving 


seven-segment displays, such as the RCA NUMITRON 
devices (DR2000 and DR2010), and light-emitting diode 


(a) : (d) 
COMMON- EMITTER CONFIGURATION COMMON- COLLECTOR CONFIGURATION 
92CS-17958 92CS-17957 


Fig. 1—Functional diagrams of types CA3081 and CA3082. 


(LED) displays. These types are also well-suited for a variety 

of other driyer applications, including relay control and 

thyristor firing. . 

The CA3081 and CA3082 are supplied in a 16-lead dual-in- 

line plastic package, and the CA3081F and CA3082F in a 

16-lead dual-in-line frit-seal ceramic package, which includes MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C 
a separate substrate connection for maximum flexibility in : 


circuit design Power Dissipation: 


Any one transistor 2.0.00. ee tte ee ee eet anne 500 mW 
Total: package! sis .a i twas tied teen ea dais aoe one ae ales 750 mW 
Aboue S606 ty iss cia cht arta cry dee aan ce ouac hanes Derate linearly 6.67 mW/c 


TYPICAL STATIC CHARACTERISTICS FOR EACH 
TRANSISTOR OF TYPES CA3081 AND CA3082 


Ambient Temperature Range: 


Oper at iG seein vk eis a Mea eee aehaterenee ne —55 to +125 &¢ 
Storage: 6 tion oi eens cs Leta iets By @ ate eee Rw —65 to + 150 “¢ 
Lead Temperature (During Soldering): 
id0 At distance 1/16" +1/32” (1.59 mm +0.79 mm) ° 
from case for 10 seconds max. ..... eee eee et tee eee 265 °C 
iw The following ratings apply for each transistor in the device: 
” . 
z . 
g Collector-to-Emitter Voltage (Vopg) --.- 206i ee ee eee es 16 Vv 
Liat - - 
ee Collector-to-Base Voltage (Vego) ae : 5: Lgth, ee eoetec aoe toads a ee aenaie 20 Vv 
So Collector-to-Substrate Voltage (Vajn) .-. ee ee eee 20 Vv 
3g cio 
og Emitter-to-Base Voltage (Vega)... .--- ieee cee eee eee 5 V 
< 
& Collector Current (Ip)... .. cece cee cee e nce Meret enone es 100 mA 
ue, 
¥ Base Current (Ip)... 6.6... cece eee eee e een en eens 20 mA 
* The collector of each transistor of the CA3081 and CA3082 is provide normal transistor action. To avoid undesired coupling 
0 isolated from the substrate by an integral diode. The substrate must between transistors, the substrate terminal (5) should be maintained 
COLLECTOR MILLIAMPERES (I¢), be connected to a voltage which is more negative than any collector at either DC or signal (AC) ground. A suitable bypass capacitor can 
92CS-17959 voltage in order to maintain isolation between transistors and be used to establish a signal ground. 


Fig.2—hf_e vs. Ic 


OT SET OC FORWARD - CURRENT TRANSFER RATIO (hre)=!0 


AMBIENT TEMPERATURE (Ta)# 28°C SET OC FORWARD-CURRENT TRANSFER RATIO (hee): 10 


AMBIENT TEMPERATURE (T,)= 25°C 


12 


VOLTS (VBE sa?) 
VOLTS (VCE sat? 
VOLTS (Vc¢ sot? 


BASE-TO-EMITTER SATURATION 
COLLECTOR-TO-EMITTER SATURATION 


COLLECTOR -TO-EMITTER SATURATION 


0 ; 2 soy 2 4 6 8 1 \ 2 * 6 8 9 2 4  6& 8 j00 
COLLECTOR MILLIAMPERES (I¢) COLLECTOR MILLIAMPERES (1¢) COLLECTOR MILLIAMPERES (Ic) 
92cs-17960 92CS-17961 92CS- 17962 
Fig.3—VpEesat vs. Io Fig.4—VCEsat vs. Ic at Ta = 25°C. —— Fig.5-VCEsgat vs. lc at Ta = 70°C. 
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ELECTRICAL CHARACTERISTICS at Ta = 25°C 
For Equipment Design 


CHARACTERISTIC 


Collector-to-Base Breakdown Voltage 
Collector-to-Substrate Breakdown Voltage 


Coliector-to-Emitter Breakdown Voltage |V(pR)CEO |!c=1mMA, lp =0 
Emitter-to-Base Breakdown Voltage ViBR)EBO |!c = 500 BA 


DC Forward-Current Transfer Ratio hFE Vers ta we] 
VcE = 0.8 V,!Ic =50mA 


Base-to-Emitter Saturation Voltage ic = 30 mA, Ig=1mMA 


Collector-to-Emitter Saturation Voltage: 
CA3081, CA3082 Ic = 30 mA, Ip = 1 mA 


Collector-Cutoff Current 


TYPICAL READ-OUT DRIVER APPLICATIONS 


vt 


1 SEGMENT OF 
INCANDESCENT DISPLAY 
{RCA-DR2000 SERIES 
OR EQUIVALENT) 
FROM 1/7 CA3081 
DECODER (COMMON EMITTER) 


== 92CS8-17963 


Fig.6—Schematic diagram showing one transistor of 


the CA3081 driving one segment of an incan- 


descent display. 


UNITS 


<a 
68, 
| 68 | 


oo 
“N 


oS 
~“ 


N 
~ 


vt 


vp —-— 
| 1/7 Ca3082 
Ow (COMMON COLLECTOR) 
Rr* 
LIGHT- EMITTING 
DIODE (LED) 
. 92CS-17964 


*THE RESISTANCE FOR R IS DETERMINED BY THE RELATIONSHIP 
Vp~Vgg ~Vp{LEO) 


I (LEO) 
Ve = FORWARD VOLTAGE 
R= 0 FOR Vp: Vag + Ve(LED! F DROP ACROSS THE 


WHERE: Vp: INPUT PULSE 
VOLTAGE 


Fig.7~—Schematic diagram showing one transistor of 
the CA3082 driving a light-emitting diode 


(LED). 


CA3081, CA3082 Types 
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CA3083 


SUBSTRATE 


General-Purpose High-Current 
N-P-N Transistor Array 


RCA-CA3083 is a versatile array of five high-current (to Features 

100mA) n-p-n transistors on a common monolithic substrate. 

In addition, two of these transistors (Q1 and Q2) are ® High Ic: 100mA max. 

matched at low currents (i.e. ImA) for applications in which 

offset parameters are of special importance. = Low VoEsat fat 50mA): 0.7V max. 


® Matched pair (Q1 and Q2)— 
Independent connections for each transistor plus a separate Vin (Vee matched): + ey eae 
terminal for the substrate permit maximum flexibility in 10 °" BE Bre W= ; 
circuit design. The CA3083 is supplied in a 16-lead dual-in- tio fat TMA): 2.5 uA max. 
line plastic package, and the CA3083F in a 16-lead dual-in- 


; J @ 5 independent transistors plus separate substrate connection 
line frit-seal ceramic package. 


® The CA3083 is available in a sealed-junction gee fees 
Beam-Lead version (CA3083L). For further 
information see File No. 515, ““Beam-Lead 
Devices for Hybrid Circuit Applications’. Fig.1—Functional diagram of the CA3083. 


Applications 


Signal processing and switching systems operating from DC to VHF 
@ Lamp and relay driver 
® Differential amplifier 


® Temperature-compensated amplifier ELECTRICAL CHARACTERISTICS at Ty = 25°C 


® Thyristor firing For Equipment Design 
: ee T 
@ See RCA Application Note, ICAN-5296 “Application of the RCA-CA3018 TEST CONDITIONS LIMITS 
Circuit Transistor Array” for suggested applications CHARACTERISTICS | SYMBOL Me 
ar. : 
Curve Min. Typ. Max. 
Fig. No. 
MAXIMUM RATINGS, Absolute-Maximum Values at T, = 25°C For Each Transistor: 
Power Dissipation: Collector-to-Base 


Vigrycao! 'c* 100A, Ip = 0 


’ Breakdown Voltage 


Any one transistor 200.00 eee eens 500 mW : 
Total package... 6... cece eee haven Caadn pated ses & eos! 750 mW Collector-to-Emitter V In= 1mA, tp = 0 
Above’ 55°C: 2. fev eeitnscs de iteas bye be ceed ao lney ten detigee ee es Derate linearly 6.67 mw/°C Breakdown Voltage RICEO| 2 B 
Collector-to-Substrate In, = 100uUA,1, = 0 
: ‘ Vv Cl 'B : 
Ambient Temperature Range: Breakdown Voltage (BR)CIO ap 
Operating: sehs6. age en Leis ah wad eather Rete habe ous EE See he --55 to +125 2G E 
Briel a ban nm Onet Ptah ea Rett a al oe es Meath ay hace aD, +150 . Emitter-to-Base = z 
Storage : 65 to Cc Bedacdewa Volta ViBR)EBO le 500uA, le 0 
Lead Temperature (During Soldering): 
At distance 1/16” #1/32” (1.59 mm +0.79 mm) Collector-Cutoff-Current | Iceo 
from case for 10 seconds max. 2.0.0.0. eee ees 265 °C Collector-Cutoff-Current lcBo 
The following ratings apply for each transistor in the device: DC Forward:Current , 
Collector-to-Emitter Voltage (VoEQ) Sisbacah AS a he he Boke eee 15 Vv Transfer Ratio 
Collprrouie Base VON Ae NVC BO) te aves errr tama He ee 20 ™ Base-to-Emitter Voltage Vog= 3V, Ie= 10mA 0.74 0.85 
Collector-to-Substrate Voltage (Veig)" ida csdah doe gatile at ncrte cities ttanats 2 20 Vv Coll Emi 
otlector-to-Emitter 
f 1. = 50mA, I, = 5mMA 0.40 0.70 
Emitter-to-Base Voltage (Vega)... 6-6. cee eee 5 Vv Saturation Voltage C B 
Collector Current (Iq) ca eidea sa bebod sae gancy Sod Tt bed oie oe Shak 100 mA 
Base Current (1g) SAE Seated ON Nee el Mace bn nena Sarat alan diet can Ra sane | 20 ~ mA 


- Absolute Input Offset 
The collector of each transistor of the CA3083 is isolated from the substrate by an integral diode. The substrate Voltage 
must be connected to a voltage which is more negative than any collector voltage in order to maintain isolation 
between transistors and provide normal transistor action. To avoid undesired coupling between transistors, the Absolute Input Offset 
substrate terminal (5) should be maintained at either DC or signal (AC) ground. A suitable bypass capacitor can 
be used to establish a signal ground. Current 


TYPICAL STATIC CHARACTERISTICS 
FOR EACH TRANSISTOR 


100] COLLECTOR -TO- EMITTER VOLTS (Vee lav 1] SET DC FORWARD -CURRENT TRANSFER RATIO (hee )=!0 


AMBIENT TEMPERATURE (Ta) = 25 °C 
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@ 
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COLLECTOR-TO-EMITTER SATURATION 


0.1 2 4 6 8 I 2 4 68 10 2 4.6 8100 
COLLECTOR MILLIAMPERES (Ic) oa c6 yr765 oo COLLECTOR MILLIAMPERES (Ic) COLLECTOR MILLIAMPERES (Tc) 
92CS-17764 92CS-I7765 
Fig.2—hpevslo Fig.3— Vag vs Ic Fig.4 — Vogsat VS Icat 26°C 
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CA3083 


1.2] SET DC FORWARD-CURRENT TRANSFER RATIO (hee #10 we SET OC FORWARD-CURRENT TRANSFER RATIO (hee) = 10. 
AMBIENT TEMPERATURE (Tg) = 25°C 
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ra 
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ul 
a 
J 
oO 
(2) 


BASE-TO-EMITTER SATURATION VOLTS ( Vag sot } 


to 
COLLECTOR MILLIAMPERES (Ic) COLLECTOR MILLIAMPERES (Le) 
92CS-17766 92CS-17767 


Fig.5 — VeEsat “5 !c at 70°C Fig.6 — VeEsat “Sc 


TYPICAL STATIC CHARACTERISTICS FOR DIFFERENTIAL AMPLIFIER 


| COLLECTOR- TO-EMITTER VOLTS (vce) 3V 
AMBIENT TEMPERATURE .Ta}= 25°C 


ABSOLUTE INPUT-OFFSET VOLTAGE (¥y9)— mv 
ABSOLUTE INPUT-OFFSET CURRENT (I, 9) pA 


. 2 4 6 8 ; 2 6 8 10 
al 
COLLECTOR MILLIAMPERES (Ic) see isaek COLLECTOR MILLIAMPERES (I¢} 9205-17769 
Fig.7 — V gs I¢ {transistors Q1 and Q2 as a differential Fig.8—1, ovsle (transistors Q1 and Q2 as a differential . 
amplifier). amplifier). 


155 


CA3084 


General-Purpose P-N-P 
Transistor Array 


RCA-CA3084 is a general-purpose silicon p-n-p transistor 
array incorporating two independent transistors, a Darlington 
circuit, and a current-mirror pair with a shared diode. 


The two independent transistors in the array may be used in 
a variety of circuit applications. The Darlington pair may be 
employed as the equivalent of a single high-beta transistor. 
The current-mirror pair is well suited for constant-current 
applications and can also be used as the active loads in a 
differential amplifier which uses n-p-n transistors. 


The total array is especially useful for a wide range of 
applications in systems having low-power and low-frequency 
requirements. Although the transistors may be used as 
discrete units in conventional circuits, they offer the 
advantages inherent in integrated-circuit construction, that is, 
to provide close electrical and thermal matching. 


The CA3084 utilizes the 14-lead dual-in-line plastic package. 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C 
Dissipation: , 
Any one transistor 


Ambient Temperature Range: 
Operating 
Storage 


Lead Temperature (During Soldering): 


At distance 1/16 + 1/32 inch (1.59 + 0.79mm) 
from case for 10 seconds max. 


The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage Woe! eaeeis irae eee ees 


Coltector-to-Base Voltage (Vego) 

Base-to-Substrate Voltage (Vp jo) : 
Emitter-to-Base Voltage (Vego) 
Collector Current (I) 


FEATURES 

@ Matched transistor pair (Q1 and Q2) 
Vio (Vag matched): + 6mV max. 
Io (at 100 pA): + 0.6 nA 

®@ Wide operating current range 

@ Low noise figure - - 3.2 dB typ. at 1 kHz 


~™ The CA3084 is available in a sealed-junction 


Beam-Lead version (CA3084L). For further 
information see File No. 515, ‘‘Beam-Lead 
Devices for Hybrid Circuit Applications’. 


APPLICATIONS 

= General use in signal processing systems having low-power 
and low-frequency requirements 

@ Differential amplifiers 

= Temperature compensated amplifiers 


® Active loads for differential amplifiers using 
n-p-n transistors 


= Complementary uses with RCA n-p-n transistor arrays 


isiaiecet 200 mW" 
a hahre etioe Se 750 mW 
Loe acer ed derate linearly6.67 mw/°C 
Scede's Abe) —55 to +125 % 
E sochcoaing> —65 to +150 °c 
Fee +265 % 
eibaed cada —40 Vv 
sede ct oie —-40 Vv 
ee 40 Vv 
mide aes ol 8 —40 V 
ised meee —10 mA 


“The base of each transistor of the CA3084 is isolated from the substrate by an integral diode. The substrate must be connected to a voltage 
which is more negative than any base voltage in order to maintain isolation between transistors and provide normal transistor action. To avoid 
undesired coupling between transistors, the substrate terminal (4) should be maintained at either DC or signal (AC) ground. A suitable bypass 


capacitor can be used to establish a signal ground. 


AMBIENT TEMPERATURE ( Ta)=25°C i +} 


H 
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OC FORWARD — CURRENT 


io 
Lo] 
nn 
ve) 
oO 
> 
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wn” 
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ie Le TRANSFER RATIO Wy, Al 


0.0 0.1 to 
EMITTER MILLIAMPERES ( a 


-TO-EMITTER SATURATION 


1 
9° 
nv 


COLLECTOR 


92CS-17966 


Fig.4— VeEsat VS Ie 
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AMBIENT TEMPERATURE (Ta) =25°C 


COLLECTOR— TO-EMITTER VOLTS (Veg) =—IV 


Be) 
° 
oO 


| 
2 
@ 


-EMITTER VOLTS (V, 


-l10V 
PK ~20N 
[ err 


BASE-TO 


EMITTER MILLIAMPERES (Ig) 


92CS-17969 


SUBSTRATE 


CA3084 


92CS-17965 


Fig.1 — Functional diagram of the CA3084.. 


STATIC CHARACTERISTICS FOR EACH TRANSISTOR 


COLLECTOR CUTOFF CURRENT (Icgo) — nA 


COLLECTOR CUTOFF CURRENT(IcEg) — nA 


BASE-TO-EMITTER VOLTS (Vpe) 


AWNCIE 
BEL NCUR 
THINS E 


“75 -50--25—~C*S 25.50. 75 00125 


AMBIENT TEMPERATURE (Ta) — °C 
92CS-17966 


Fig.2— logo vs Ta ° 
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UT 
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AMBIENT TEMPERATURE 


92CS-17967 


AMBIENT TEMPERATURE (T,)—°C 
92Cs-17984 


CA3084 


ELECTRICAL CHARACTERISTICS at Tq = 25°C STATIC CHARACTERISTICS FOR EACH TRANSISTOR 


For Equipment Design 


TEST CONDITIONS 
te 
arac- LIMITS 
CHARACTERISTICS SYMBOL teristics 
Curve 5 


For Each Transistor: 
Collector-Cutoff Current 


SUBSTRATE AT SAME POTENTIAL AS COLLECTOR 
AMBIENT TEMPERATURE (Ta) = 25°C 


OC FORWARD -CURRENT TRANSFER RATIO (hee) 


Collector-Cutoff Current 


Collector-to-Emitter Breakdown Voitage ViBR )CEO \oE= —100pnA, Ip = 0 


Collector-to-Base Breakdown Voltage ViBR)CBO log = -100HA, ip = 0. 
Emitter-to-Base Breakdown Voltage V(BR)EBO leg = —100yA, Ig = 0 
Emitter-to-Substrate Breakdown Voitage VIBRIELO ley = 100uA 


Collector-to-Emitter Saturation Voltage Ig = IMA, |p = 100A ~0.125 | —0.25 


Base-to-Emitter Voltage 0.68 
FE 


A] 
EMITTER MILLIAMPERES (Te) 
. Fig.7—hee vs Ie e 


92CS$-iI7970 


STATIC CHARACTERISTICS FOR DIFFERENTIAL AMPLIFIER 


OC Forward-Current Transfer Ratio 


gs COLLECTOR-TO-EMITTER VOLTS (Vog)?-10 V 
For Transistors Q1 and Q2 (As a Differential Amplifier): 


AMBIENT TEMPERATURE (Ta)= 25°C 


Ig = TOQHA, Vog = —10V 


x 
> 


Vce = -5V, Voio = -5V. 


3 
< 


Term. 13 = Gnd. 
ig —100uA, 


INPUT-OFFSET VOLTAGE (Vzg)—~ mv 


VceE = ~—10V, Ip = 0 


é 100 
= San I 
le = 100A, Vee 10V COLLECTOR MICROAMPERES (Ic) Seeee 


Fig.8—ViQ vs Ic, (transistors Q1 and 
Q2 as a differential amplifier). 


3 


ELECTRICAL CHARACTERISTICS at T, = 25°C - 
Typical Values Intended Only For Design Guidance t 


Magnitude of Temperature Coefficient: 
Vee (for each transistor) JAVpe/AT| le = 100uA, 


Vic (as a differential amplifier) 14V 0 /AT| Vog = -10V 


AEG 


Vee (Darlington configuration) |AVge/4T| 


For Each Transistor: 


PTAA 
TTAING 
une 

ene sensenee 


2° 
> 
So 


Input Resistance f= 1kHz, Vog = —-10V, 


INPUT— OFFSET VOLTAGE (Vz9)— mv 


Output Resistance Iq =100NA 


Forward Transconductance 


Collector-to-Base Capacitance log = 0 -§0 -25 0 25 $0 7% 100 125 
ais - ~ AMBIENT TEMPERATURE (T,)—*C 
Collector-to-Emitter Capacitance Ice = 0 : 92CS-17985 
7 . . ; - von . Fig. 9—-Vio vs TA (transistors Q1 and 
Base-to-Substrate Capacitance ‘cio * 9 : Q2 as a differential amplifier). 


COLLECTOR-TO- EMITTER VOLTS (Vog) = -10V 
AMBIENT TEMPERATURE (Ta) = 25°C 


PNA ae LITE ET 


Ig 23 pA, 1)223.15 pA 
Ig =10 pA, Ijo*t0.5 pA 


tty 
roy : 
08 


| 
CI 
COLLECTOR MILLIAMPERES (I¢) 


NORMALIZED COLLECTOR CURRENT (I¢}—pA 
an 
ean! 
ean 
aenG 
ae 
io 
eean' 


A Ae BH aeaea 

an aeannee t+ aan 

HH Cott +4 rH seccnees HHH 

0.9 HECHT EE HH EE EHH 4 Seeoeenee 7 
<= en! < 864 2 86 4 2 @64 86 4 2 
seas ABET ieaPERATUKE i“ ; me i © - oe pay : 
Ar H —_ ee 
euAseee CURRENT AT TERMINAL 5 (Is) mA sete CURRENT AT TERMINAL 5 (Ic) —mA Seebupte 
Fig.10—Normalized Ic vs Ta (transis- Fig.11—!¢ ratio vs I5 (transistors Q3 
‘rs Q3 and Q4 in a current- and O4 in a current-mirror con- Fig.12 — Ic vs 15 (transistors Q3 and Q4 ina 
sor configuration. figuration. current-mirror configuration). 
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CA3084 


AMBIENT TEMPERATURE (T,) = 25°C 
COLLECTOR - TO-EMITTER VOLTS (Vog)* -10 V 


VOLTS (VgED) 
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EMITTER MILLIAMPERES (I¢) 


92CS-I7974 
Fig.13 — VBE vs le (transistors Q5 and Q6 ina 
darlingtron configuration). 


COLLECTOR~TO-EMITTER VOLTS (Vo¢) =-10V 
SOURCE RESISTANCE (Rs) = 5002 
AMBIENT TEMPERATURE (Ta) * 25°C 


NOISE FIGURE (NF} — dB 


COLLECTOR MILLIAMPERES (Ic) 
92CS-17976 


Fig.16 — NF vs Ic at Rs = 5002 
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COLLECTOR-TO-EMITTER VOLTS (Vog)=-l0V 
AMBIENT TEMPERATURE (Ta)= 25°C 
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Fig.19— R, vs f 


STATIC CHARACTERISTICS FOR DARLINGTON CONFIGURATION 


VOLTS (Vgep) 
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Fig.14 — VBE vs Ta (transistors Q5 and Q6 ina 
darlington configuration). 


Fig.15 — hee_ vs. lg (transistors Q5 and Q6 
darlington configuration). 


DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 


COLLECTOR ~TO-EMITTER VOLTS (Vee }#-10 V 
SOURCE RESISTANCE (Rg) *1k2 
AMBIENT TEMPERATURE (Ta)* 25°C 


COLLECTOR-TO- EMITTER VOLTS (Voe 10 V 
SOURCE RESISTANCE (Rg)=10 kQ 
AMBIENT TEMPERATURE (Tq)= 25°C 


NOISE FIGURE (NF) — 48 


NOISE FIGURE (NF)— dB 


Ot 


COLLECTOR MILLIAMPERES (Ic) COLLECTOR MILLIAMPERES (Ig) 


92CS-17977 


Fig.17 — NF bs Ic at Rg =1kQ 


FREQUENCY (f) * I kHz 
RESISTANCE: INPUT (Ry) = 9kQ 
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Fig.18— NF vs I-at Rg = 10k2 
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Fig.21 — Normalized R ! and Ro vs Io 


Fig.20— Rov ft 
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92CS-17982 


Fig.23— Transistor capacitances vs 
collector voltages 


(Vceo Vcgpo Vcio/ 


Positive Voltage Regulators 


For Regulated Voltages from 1.7V to 46V 
at Currents up to 100mA 


RCA-CA3085, CA3085A, and CA3085B are silicon 
monolithic integrated circuits designed specifically for service 
as voltage regulators at output voltages ranging from 1.7 to 
46 volts at currents up to 100 milliamperes. 


A block diagram of the CA3085 Series is shown in Fig. 1. 
The diagram shows the connecting terminals that provide 
access to the regulator circuit components. The voltage re- 
gulators provide important features such as: frequency 
compensation, short-circuit protection, temperature- 
compensated reference voltage, current limiting, and booster 
input. These devices are useful in a wide range of applications 
for regulating high-current, switching, shunt, and positive and 
negative voltages. They are also applicable for current and 
dual-tracking regulation. 


CA3085, CA3085A, CA3085B Types 


VIN Vout | Max. Max. Load 
Type Range Range loUT | Regulation 
Vv Vv mA | %VOQUT 


CA3085 |7.5t0 30] 1.8to 26 
CA3085A]} 7.510 40} 1.7 to 36 
CA3085B/ 7.5 to 50} 1.7 to 46 


° This value may be extended to 100mA;: however, 
regulation 1s not specified beyond 12mMA. 


These types are supplied in the 8-lead TO-5 style package 
(CA3085, CA3085A, CA3085B, and the 8-lead TO-5 with 
dual-in-line formed leads (‘‘DIL-CAN’’, CA3085S, CA3085AS, 
CA3085BS). The CA3085 is also supplied in the 8-lead dual- 


in-line plastic package (“MINI-DIP’’, CA3085E), and in chip. 


form (CA3085H). 


COMPENSATION AND 
EXTERNAL INHIBIT 


ame, 
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SUBSTRATE 
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— — — — 


vrer(S)(6) Inpur 
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(8) LIMITING 
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The CA3085A 


capabilities up to 100 mA and the CA3085 up to 12 mA 
without the use of external pass transistors. However, all the 
devices can provide voltage regulation at load currents greater 
than 100 mA with the use of suitable external pass 
transistors. The CA3085 Series has an unregulated input 
voltage ranging from 7.5 to 30 V (CA3085), 7.5 to 40 V 
(CA3085A), and 7.5 to 50 V (CA3085B) and a minimum re- 
gulated output voltage of 26 V (CA3085), 36 V (CA3085A), 
and 46 V (CA3085B). 


The CA3085A is unilaterally interchangeable with the 
CA3055. 


The CA3085 is available in a sealed-junction Beam-Lead 
version (CA3085L). For further information see File No. 515, 
“Beam-Lead Devices for Hybrid Circuit Applications’’. 


Maximum Voltage Ratings 


® Current regulator 


® Switching voltage regulator CA3085 


High-current voltage regulator 

Combination positive and negative 

voltage regulator 

Dual tracking regulator 

® See Application Note ICAN-6157 ‘Applications 
of the CA3085-Series Monolithic IC Voltage 
Regulators’’. 


CA30858 


The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical Terminal No. 7 and horizontal Terminal No. 1 1s +3 to —10 volts. 


MAXIMUM VOLTAGE RATINGS 
TERM. 
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Substrate 
Case 


vt nw® 


MAXIMUM 
CURRENT RATINGS 


* Voltages are not normally 
applied between these 
terminals, however, voltages 


appearing between these 
terminals are safe, if the 
specifred voltage limits 
between all other terminals 
are not exceeded 

130 V for CA3085 


40 V for CA3085A 
50 V for CA3085B 


UNREGUL ATED 
INPUT 


Ry 
4Gk 


R 
ALL RESISTANCE VALUES 
ARE IN OHMS 


SUBSTRATE 


Rs 
500 
COMPENSATION 


EXTERNAL 
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Qia CURRENT 
BOOSTER 


INV CURRENT REGULATED 
INPUT LIMITING OUTPUT 


9205 89092 


Fig.2—Schematic diagram of CA3085 Series. 


CA3085A 


pete Fig. 1—Block diagram of CA3085 Series. 
® Upto 100mA output current 
® Input and output short-circuit protection 
= Load and line regulation: 0.025% MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES at T, = 25°C 
and CA3085B have output current = Pin compatible with LM100 Series POWER oISe le US ee HEAT SINK] WITH HEAT lil (TO-5 ONLY) 
. , upto TA= 56°C... eee 630 mW upto Tc = S5°C ....1.6W 
= Adjustable output voltage above Ta = 55°C derate linearly @6.67 mW/C! above Tc# 55°C .... derate linearly at 
@ Low noise 16.7 mWPC 
Applications TEMPERATURE RANGE: P 
Operating ................ —55 to +125°C 
@ Shunt voltage regulator Storage 0.0. —65 to +150°C 


UNREGULATED INPUT VOLTAGE: 


LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 ¢ 1/32 inch (1.59 ¢ 0.79mm) 
from case for 10 seconds max, ......-% +265°C 


—— INDICATES OPERATION 
WITHOUT HEAT SINK 


—- INDICATES OPERATION 
WITH HEAT SINK 
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Fig.3— Dissipation limitation (Vin—VOUT vs. OUT). 
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Fig.4— Load regulation characteristics. 
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CA3085, CA3085A, CA3085B Types 


ELECTRICAL CHARACTERISTICS 


AMBIENT TEMESASTURE (Ta)! 25°C F HA 
segucsenesccsas 


abescetnest HTH 
eeaeeses eSeee ppaes eneenan: 
Sbessees 
sos: 


TEST CONDITIONS 


Test | Ty 25°C 
SYMBOL [Circuit 
{Unless indicated otherwise} eee ae 


| 
! 


CHARACTERISTICS 
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Quiescent Regulator 
Current 


15 
Input Voltage Range =| Vin (range) ed 


Maximum Output 
Votmin,) 


Minimum Output 


V*iN = 30,40,50V#: Ry = 365.2: 
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Term. No. 6 to Gnd. 
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Voltage 


Input-Output Voltas VIN-V. 
Differential OMT: 


NS 
w | 
a lam 
HES 
sesese 


- + 
viin= 16V, VtouT= 10V INPUT VOLTS ivt,) 
Rscpe* = 62 

It = 1to 100mA, Rgcp = 0 
IL = 1 to 100mA, Rgcp = 0 


= 0°C to +70°C 
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Fig.5—Iquiescent vs. VIN: 


iL = 1to 12mA, Rgcp= 0 
IE = 1mA; Rgcp = 0 


0.075 


IL = 1ImA, Rgcp = 0 
Ta = 0°C to +70°C 


Equivatent Nels z 
VNO} VIN = 25V 
Output Voltage # Bisa Ctl CREF = = 0. nie 
Ripple Rejection “IN= REF * 
f= 1kHz CREF = 2uF 
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Be fee | a Ueto #6 UB | ef sla] 2 
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Temperature Coef- 
{i = O, Vref = 1.6V 


ficient of Reference 
and Output Voltages 
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Recovery Time: 
Turn On — 
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8 . : 


25V, +50mA Step 
= 25V, -50mA Step 


Line Transient 
Recovery Time: 
Turn On 


Turn Off 
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AMBIENT TEMPERATURE (Ta)—°C 


# 30V (CA3085), 40V(CA3085A), 50V(CA30858) 4Vout . (OVour7) 
* RSCP: Short-circuit protection resistance © Load Reguiation = X 100% m pine Regulations 


‘ Vouriinttiall {Voutiinitial)! (¥in) 
Bandwidth DC to 10 MHz. 


\ 
viw" 25V, f= 1kHz, 2V Step 
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Fig.6—Normalized Iquiescent VS. TA- 
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Fig.7— Line regulation temperature characteristics. 
Fig.8—To vs. f. Fig.9— Normalized ro vs. TA. 
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VIVA 
HEWLETT 
PAaCKARO 
HP 4000 

OR 
EQUIVALENT 


Es) 


92CS-19000 


Fig.13— Test circuit for ripple rejection and output resistance. 


VRer. 


‘quiescent | © oes 92cS-18094 
Vou (WAX.)| 36502] + 40 CLOSED 
Your (ain. TERW.NO.1| OPEN 


Fig.15— Test circuit for VREF, ‘quiescent, VoyTimax.), 
Vourimin.). 


CA3085, CA3085A, CA3085B Types 


TEST PROCEDURES FOR TEST CIRCUIT FOR 
RIPPLE REJECTION AND OUTPUT RESISTANCE 
Output Resistance 
Conditions: 
1. Vind= *25V, Cregg = O, Short Ey 
2. Set Eg2 at IkHz s0 that Ep = 4V eens 


3. Read Vout one VTVM, such as 2 Hewlett-Packard, 
HP400D or equivalent 


4. Caiculate Rout trom Rout = Vour (RL/E2} 


Ripple Rejection — ! 

Conditions: 

1. Vin* +25V. Crepe = O. Short E2 
2. Set Egy at (kHz s0 that Ey = 3Vems 


3. Reed VouT on a VTVM, such as a Hewlett-Packard, HP400D 
or equivalent 


4. Calculate Ripple Rejection from 20 tog (Ey/VQuT) 
Ripple Rejection — II 
Conditions 


1. Repeat Ripple Rejection | w ch CREE * 2uF 


RI + R2 
"Your: 1.6 “Rl 
“THE LIMITING CURRENT 1S = 


INVERSELY PROPORTIONAL TO 
Rscp (SHORT-CIRCUIT PROTECTION RESISTANCE) 


92CS-18097 


Fig. 16—Test circuit for limiting current 
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VPULSE 50 ma STEP 
GEN. (IL) 
——t Ius/em 92CS-1900! 


Fig.14—Turn-on and turn-off recovery time test circuit with 
associated waveforms. 


TYPICAL REGULATOR CIRCUITS USING THE CA3085 SERIES 


t 
STANCOR TP3 


BLACK 


A WHITE 


Rov = 
60Hz 7 
BLACK RED 


Vout * 35¥ to 204 (0 TO 90 mA) 
REGULATION = 0 2% (LINE AND LOAD) 
RIPPLE <0.5m¥ AT FULL LOAD 


Fig.17~—Application of the CA3085 Series in a typical power 
supply. 
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DESIRED OUTPUT 


Vout * Veet Pa) 
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Fig.19— Typical high-current voltage regulator circuit. 
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01: RCA-1N1763A OR EQUIVALENT 
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"RI 0.7 I, (WAX. 


Fig.18— Typical switching regulator circuit. 
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Fig.20— Typical current regulator circuit. 


Qi ANY N-P.N SILICON TRANSISTOR 
THAT CAN HANDLE A 2A 
LOAD CURRENT SUCH AS 
RCA.2N3772 OR EQUIVALENT 


OUTPUT 
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+7 (0v) 


2puF (SOV) 
ALL RESISTANCE VALUES 
ARE iN OHMS 
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Ry + R2 
*Yout «Rk; 


“Rscp  SHORT-CIRCUIT 
PROTECTION RESISTANCE 


ALL RESISTANCE VALUES ARE IN OHMS 


Qi RCA 2N2102 OR EQUIVALENT 
Q2 ANY P-N-P SILICON TRANSISTOR 
(RCA 2NS322 OR EQUIVALENT) 


Q3 ANY N-P.N SILICON TRANSISTOR THAT CAN 
HANDLE THE DESIRED LOAD CURRENT 
(RCA.2N3772 OR EQUIVALENT} 


Fig.21— Combination positive and negative voltage regulator 
circuit. 
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CA3086 
General-Purpose N-P-N Transistor Array 


Three Isolated Transistors and One Differentially— Connected Transistor Pair 


For Low—Power Applications from DC to 120MHz 


transistors in conventional circuits. However, they also 
provide the very significant intérent adyantages unique to 
integrated circuits, such as compactness, ease of physical 
handling and thermal matching. ; 


The CA3086 is supplied in a 14-lead dual-in line plastic 
package. The CA3086F is supplied in a 14-lead dual-in-line 
hermetic (frit-seal) ceramic package. 


RCA-CA3086 consists of five general-purpose silicon n-p-n 
transistors on a common monolithic substrate. Two of the 
transistors are internally connected to form a 
differentially-connected pair. 


The transistors of the CA3086 are well suited to a wide 
variety of applications in low-power systems at frequencies 
from DC to 120 MHz. They may be used as discrete 


MAXIMUM RATINGS, Absolute—Maximum Values at T ae 25°C 


DISSIPATION: 
Any one transistor 20.0... ee eet 300 mw 
Total package up toT,=55°C  .......... 2, 750 mw 
Above Ta =55°C oo. eee eee derate linearly 6.67 mw/°c 
AMBIENT TEMPERATURE RANGE: 
Operating:adye yess hon dei ieee attacees. —5§ to+ 125 °c 
StOlage ons Fete bee Mien Lae higonaa nen —65 to + 150 °c 
LEAD TEMPERATURE (During soldering): 
At distance 1/16 + 1/32 inch (1.59 + 0.79mm) 
From case for 10 seconds max....... 0.0.0.0 eee eee + 265 °c 
The following ratings apply for each transistor in the device: 
COLLECTOR-TO-EMITTER VOLTAGE, Vcgo...... 16 Vv 
COLLECTOR-TO-BASE VOLTAGE, Vcgo........-- 20 Vv 
COLLECTOR-TO-SUBSTRATE VOLTAGE, Vcjo*... 20 Vv 
EMITTER-TO-BASE VOLTAGE, Vego...........- 5 Vv 
COLLECTOR CURRENT, Io ...... cece eee ees 50 mA 


* The collector of each transistor in the CA3086 is isolated from the substrate by an integral diode. The substrate 
(terminal 13) must be connected to the most negative point in the external circuit to maintain isolation between 
transistors and to provide for normal transistor action. To avoid undesirable coupling between transistors, the sub- 
strate (terminat 13) should be maintained at either DC or signal (AC) ground. A suitable bypass capacitor can be 
used to establish a signa! ground. 


ELECTRICAL CHARACTERISTICS at T, = 25°C 
For Equipment Design 


TEST CONDITIONS 


Typ. 
SYMBOLS 


Charac- 
teristic 
Curves 

Collector-to-Base Breakdown Voltage ViBR)CBO lo = 10 yA, le = 0 = 
Collector-to-Emitter Breakdown Voltage ViBR)CEO Ic = ImA, Ig = 0 iced 
Collector-to-Substrate Breakdown Voltage ViBR)CIO Io = 10pnA, Tor = 0 es 
Emitter-to-Base Breakdown Voltage V(BR)EBO le = 10pA, lo = 0 SS 


LIMITS 


CHARACTERISTICS UNITS 


my 
sc 


Qn 
< by 
fs) 


Collector-Cutoff Current | Vog = 10V, Ie = 0 


Collector-Cutoff Current IcEO Vce = 10V, Ig = 0 
DC Forward-Current Transfer Ratio 


Vee = 3V, lo= 1mA 


(20 


08 


COLLECTOR-TO-EMIT TER VOLTS (Vcg)23 
AMBIENT TEMPERATURE (Ta)= 25°C 


COLLECTOR-TO-EMITTER VOLTS(Vop)=3 py 
AMBIENT TEMPERATURE (Ta)= 25°C d 
isl A | : 


no 


fo] 
5 


DC FORWARD-CURRENT TRANSFER 
RATIO (hre) 


BASE-TO-EMITTER VOLTS (Vge) 


EMITTER MILLIAMPERES (I_¢) 


92CS~-15182Rt 


Fig.3 — Nee vs Ie 
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EMITTER MILLIAMPERES (I¢) 


92CS—15217 


Applications 


®™ General-purpose use in signal processing systems operating 


in the DC to 120-MHz range 


® Temperature compensated amplifiers 
™ See RCA Application Note, ICAN-5296 “Application of the 


RCA-CA3018 Integrated-Circuit Transistor Array” for 
suggested applications. 


SUBSTRATE 


CA3086 


92CS-I7724 


Fig.1 — Functional diagram of the CA3086. 


TYPICAL STATIC CHARACTERISTICS 
FOR EACH TRANSISTOR 
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Fig.2— 'cBo vs TA: 


IN 


INIT 


AMBIENT TEMPERATURE (Ta)— °C 


92CS—i5I94Rt 


CA3086 


a ce) . a 5 


HH : 
ee ee eee 
TATEH HE EHEEEEH 
ia sraseesd H 
osH t+ | H cuucee i i 


Typ. 
Chara- 

teristics 
Curves 


TYPICAL 
VALUES 


CHARACTERISTICS 


DC Forward-Current h Veg = 3V Io = 10mA 
Transfer Ratio FE Iq= 10KA 
= fe = IMA 
Base-to-Emitter Voltage VBE Voe= 3V LE 
Ie = 10mA 


Veg Temperature Coefficient AVggE/AT | Voge = 3V. IG = IMA Pee mvV/°C 


Ip = ImA, lo = 10mA 
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AMBIENT TEMPERATURE (Ta}-—°C 
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f = 1kHz, VcE= 3V, 


In = 100WA, Re = 1k 2 
Cc pus Fig.6— Vag vs Ty. 


Low-Frequency, Smali-Signal 
Equivalent-Circuit Characteristics: 


Forward Current-Transfer Ratio 


100 [COLLECTOR-TO-EMITTER VOLTS(V.¢)=3 
6EFREQUENCY (f) =| kHz 
4 AMBIENT TEMPERATURE (Tq)= 25°C 


hte= 100 
nig = 3-5 Mh at stim 


Short-Circuit Input Impedance 


Open-Circuit Output Impedance 


Open-Circuit Reverse-Voltage 


- hre #1.88x1074 
Transfer Ratio re x 


fog =!5.6 pmho 


Admittance Characteristics: 


Forward Transfer Admittance 


Input Admittance 


NORMALIZED h PARAMETERS 


Output Admittance 


Reverse Transfer Admittance 
' 2 4 68 
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COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (Ta)=25°C 
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AMBIENT TEMPERATURE (Ta)= 25°C rata 
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Fig.8— yf, vs f. Fig.9— Vig Vs t. 
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CA3091D 
Analog Multiplier 


RCA-CA3091D, a monolithic silicon integrated circuit, is a 
four-quadrant multiplier that provides an output voltage that 
is the product of two input (x and y) voitages. 


This device functions as a multiplier, divider, squarer, square 
rooter, and power-series approximator. In addition, this 
device is useful in applications such as _ ideal full-wave 
‘rectifiers, automatic tevel controllers, RMS converters, fre- 
quency discriminators, and voltage—controlled filters and 
oscillators. 


The CA3091D comprises five basic circuits (See Fig. 1), 
including: a multiplier block, two linearity compensators, a 
current converter, a current source for biasing, and a 
regulator (reference voltage). A brief description of the 
operation, functions and typical applications is given in the 
section ‘Operating Considerations’’. In addition there is a 
separate section on ‘Symbols, Terms, and Definitions’ that 
defines the terms and symbols used throughout the data 
bulletin. 


The CA3091D is supplied in 14-lead dual-in-line ceramic 
package and operates over the full military temperature range 
of -55°C to +1250C, 


LINEARITY 
(LOW LEVEL) 


MAXIMUM RATINGS, Abso/ute-Maximum Values at Ta = 25°C 
DC Supply Voltages: 


Vy £10 V 


ADJUST LINEARITY = CURRENT 

: geal SOURCE 
= MULTIPLIER bes 
—] ~—s BLOCK CONVERTER 


= 


Between: Terms.:42.8NG 1 bose s cs ee FB hu a aha Bikes spun ie es wee dd now te wae ed Laas +18 V 

Between Terms. 4and 1 60. ec ee eee eee e nese eben aeeteennnees —18 Vv 
DC Supply Currents: 

At Term. 12 with DC Supply Voltage = +15 Vo. ec cee ee ete neers teenies 4 mA 

At Term. 4 with DC Supply Voltage = —-15 Vo... ee ccc ce etn ee ene yeaa 16 mA 
Bias: Current (At: Verma): ack Si shack hotel olan sed arene 48d ode deck een sealer Sed artes slo wate ay 1 mA 

TIN PUL CURCONt: % tie ere es Aine evan d atria res asa nha anata De nea ees astatea a) ica GOAT. lel NOUS DR, cas E's dow Se RE purl an +1 mA 
Output Short-Circuit Duration . 00... eee ee eee en eee enn ete eeneenees No limitation 
Voltage Reference Current 0.0... 0. cee ce ee eee eee cent tee e sees tense eneenennes 10 mA 
Linearity Correction Currents: 

AU Terminals: 7:80: B is i5:i oo ia 84 eth heres toh the eoRendoe a Wigee e o ANG Dek ale ek bb We Be hele ns 10 mA 
Device Dissipation (Upto 125°C) 20. te ee ee eee een eet eben enes 200 mw 
Ambient Temperature Range: 

OPE ating: ae te sg eect e to Sart ate kota eatin aha S ore aiteces gate to Say AE Lows 5 a lh ES tee —55 to +125 oc 

STOMAQS. 22S wenn h ch AS em arena UE a Be dh Seal ee laeyer wales Ee ao aya tae chien eae Mesh tiee: —65 to +150 oc 
Lead Temperature (during soldering): 

At distance not less than 1/32 inch (0.79 mm) from case for 10 seconds max. .................. +265 oC 


External resistance is required to limit the current to the indicated +1 mA value. 


vt 


Q 


18 
Dg 
O10 


(6) Veet 


RESISTANCE VALUE®>21E IN OHMS 
Fig.2—Schematic diagram of the CA3091D. : 
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VtHtSV y7e-ISV 


# FROM IS -VOLT 
REGULATED SUPPLY 


@ FROM-IS-VOLT 
REGULATEO SUPPLY 


@ k ADJUST IS PERFORMED BY 
VARYING THIS RESISTOR 


RESISTANCE VALUES ARE 
IN OHMS 


CURRENT 


390k 
. 92CM-19532 


Fig.1—Functional block diagram of CA3091D with typical multiplier outboard(peripheral)circuitry. 


Features. ® 

@® “Accuracy”: t4% (max.) 

@ “Linearity”: 3.0% (max.) 

® Feedthrough: 9 mV p-p (typ.) 

® 3-db bandwidth: 4.4 MHz 

@ Low power operation capability: +6.0 V, 4 mW drain 
® Low power-supply sensitivity: 36 mV/V typ. 

a 


Smooth overtoad characteristics — no foldback if full- 
scale input signal is exceeded 


Negligible warm-up drift 
® Broadband operation capability (flat to 1 MHz) — both 


inputs have similar characteristics for reduced high- 
frequency phase shift between the inputs 


@ Low-level linearity correction circuitry minimizes low- 
level feedthrough for improved small-signal accuracy 


® Alt multiplication is performed with wideband circuitry — 
this permits two signals of frequencies much higher than 
the -3 db frequency of the multiplier to produce a differ- 
ence frequency that is within the multipliers bandwidth 


® High immunity to parasitic oscillation 


@ Essentially free from excess peaking — provides improved 
frequency response 

@ Requires no level shifting at the output — current-source 
operation at the output permits output signal to be refer- 
enced to ground or other levels within the output voltage 
swing capabilities of the multiplier 


®@ Internal bias regulator 


Applications: 

Multiplier @ Divider ® Squarer ® Square Rooter 
Power-series approximator 

Full-wave rectifier 

Automatic level controller 

RMS converter 

Frequency discriminator 

Voltage-controlled filters and oscillators 


ELECTRICAL CHARACTERISTICS, For Equipment Design 


TEST CONDITIONS LIMITS 


CHARACTERISTICS 


SYMBOL | Ta = 25°C, 11g =0.5 mA 


vt=15V,V— =-15V 


STATIC CHARACTERISTICS 


INPUT CIRCUIT 
Input Balance (Correction) Currents: 
At x Input 


Nic 


C 
Output Offset Voltage reve) 


Aty Input 
Feedthrough Linearity Balance 


(Correction) Current 


OUTPUT CIRCUIT 
Output Offset Current 


Output Peak Current Swing 

Output Peak Voltage Swing 
DC SUPPLIES & BIASING 

Current Drain (idling): 


At Term. 4 
At Term. 12 


Reference Voltage 


DYNAMIC CHARACTERISTICS 


vt=+15V 3 


Vref Measured across Terms. 
6&4ati=imA 


Output Current With | = 0.2mA at each 
input 


Normalized k Factor{ky = ra 
Ky 


Accuracy 


Feedthrough Voltage: 
Aty = 20V p-p, x =O 
At x = 20V p-p,y =O 


SOKNI% 


Toc 
Rt {0 kQi(Vy WV, : 
* Vex = bx 
(SORDNVpy-Voy) 
FR gg rc 
ly Voy~ Voy 
S| AND S2 CLOSEO 


FOR MEASUREMENT 
OF Vg AND V, AND 


OPEN FOR MEASURE- 
MENT OF Vo 


CA30910 


ar ae 
. 
bing 
roy 
< 
a 
oO 


Yo 


, Vay Vby 92 Voy 
Vy tO V de 


ba 92C$- 19537 


Fig.5—Test circuit for measurement of input resistance. 


SinQ 9.1hka 106Q veslsv 


2-7 pF 
BOOTON ELECTRONIC 


RF PROBE (91-120) 
iy OR EQUIVALENT 


Fig.8—Test circuit for measurement of frequency response. 


aa Worst case at 25°C 
Ce 


50 kQ 1% 


TEST PROCEOURE 

1. OPEN “S{ ADJUST Vv, 
TO SET Vos4v 

2 CLOSE “S” ADWUST R, 
TO SET Vo sav. 
RECORD Ry 


3 DERIVE Ro FROM 


Ca3sosi0 


% 
“9 Wy OC TEKTRONIX 10-17 
f (SEE TesT OSCILLOSCOPE PROBE 


PROCEDURE) 


A i 92CS~ 19936 


Fig.6—Test circuit for measurement of output resistance. 
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RELATIVE GAIN — dB 


OK 2 # 6 BicooKk = 2 
FREQUENCY (f) —Hz 


Fig.9- y—input frequency response characteristic curve with associated test circuit. 
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ABSOLUTE VALUES 
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OF INPUT VOLTAGES 
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1 
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Fig.3—Test circuit for measurement of output current swing 
capability. 


=#i5 Vdc 
is DVERAGED Fhom THE 


av 3 
ABSOLUTE VALUES 
TAKEN Las THE 
TWO COMBINATIONS 
OF INPUT VOLTAGES 
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Fig.4—Test circuit for measurement of output voltage swing 
capability. 


Ai ty 10KQ VvesiSv 


y BALANCE | ~ AL 
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Fig.7—Test circuit for measurement of maximum slew rate. 


vaw I, COMPENSATED 
ATTENUATOR 


BOONTON ELECTRONICS 
C AF PROBE(9I-12D) 
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165 


CA3091D 


ELECTRICAL CHARACTERISTICS, Typical Values Intended Only for Design Guidance 


TEST CONDITIONS 
SYMBOL Circuit 


CHARACTERISTICS Ta = 25°C, lig = 0.5 mA and/or 


V+=15 V,V-=-158 V Char. 


STATIC CHARACTERISTICS 


INPUT CIRCUIT 
Input Resistance: 

At x Input 

At y Input 


Curve 


Input Capacitance: 
At x Input 
At y Input 


OUTPUT CIRCUIT 
Output Resistance 
Output Capacitance: 


DC Supply Voltage Sensitivity: 
At Term. 4 


At Term. 12 


DYNAMIC CHARACTERISTICS 
Bandwidth (At -3dB point): 
Through x Input 
Through y Input 
3° Error Frequency: 
Through x Input 
Through y Input 
Maximum Slew Rate 7pF in parallel with 10 MQ load 


Temperature Coefficients: 
Output Offset Current 
x-Input Balance Current 


Aloo/AT 
Alyc/AT 


y-Input Balance Current 


Normalized k gobi ae: 
kr 


Accuracy 

Linearity 

Feedthrough: 
Atx=0O 


x - BALANCE 
A . + : 
V7 2-(5VCO) C)V *15V oko 10kQ 
Ovtai5v 
ae Ov-=-15V 
\"%e 330k2 
Yt d+ 
+10v © TEST PROCEDURES FOR MEASUREMENT 
Y toc OF POWER- SUPPLY SENSITIVITY 
= 1, AT Vt=15V,V~=-15V, MEASURE Vo 
= RECORD AS Vo}. 
2 AT vt=IOV,V~=-I5V,MEASURE Vo 
RECORD AS Vo2. 
CA3091D POS POWER SUPPLY SENSITIVITY = 
Yo27 Nou 
5V 
3. AT V*:15V,V~=40V, MEASURE Vo 
+ RECORD AS Vo3 
(a). oy” an © © Cl NEG. POWER SUPPLY SENSITIVITY= 
Vo Vos You , 
5V 
< R 
We at . 5aRe Ov+s5v . L 
tov 680k2 15 MQ 390kQ 33kQ 
‘ vis yrs 1% 
= V7 2-15V Vtri§v V7 2-15V I5V -I5V vtisy = 
© © OO ©. 
50kQ 50k0 50k2 : 
y- BALANCE OUTPUT LOW-LEVEL RESISTORS HAVE A TOLERANCE OF 
aa - ee 5% UNLESS OTHERWISE INDICATED 
N 


Fig.f1—Test circuit for measurement of current gain and power-supply sensitivity. 
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‘BOTH INPUTS ]= Vg /33 k2 
QUTPUT VALUES ARE AVER- 
AGED FOR 4 COMBINATIONS 
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Fig.10- x—input frequency response characteristic 


curve with associated test circuit. 


SYMBOLS, TERMS AND DEFINITIONS 


Output Offset Current 
The multiplier output current produced when, both of the 
multiplier input signals are in the zero state. 


Output Zero 

Sets the output at the zero level when the x and y inputs are 
in the zero state. (It is implied that all other zeroing 
adjustments have been effected. ) 


R| 
Input Resistance — Converts the input voltage to an input 
current. 


Re 
Output (Load) Resistance — Converts the output current to a 
voltage. 


Ro 
Output Resistance — See Vo and Io for the equations 
associated with these properties. 


Regulator Diode 
A temperature compensated Zener diode, included in the 
muitiplier circuit, to provide a stable lig. 


Scale Factor or k factor (k) 

Represents the basic gain of the multiplier as expressed in the 
equation Vo =kVxVy 

The equation indicates the ideal transfer function for the 
multiplier. The normalized k factor is expressed by ky = K/Kret 
where kref is the ideal or reference k factor. The ideal factor, 
kref is the value at which the k factor is set when the k-factor 
adjust control is trimmed. Optimum operation of the 
CA3091D is achieved when the k-factor is 0.1. 

VIM 

The maximum ac sine-wave voltage to be applied to the 
multiplier; a 20-volt p-p sine wave is the nominal maximum 
swing voltage recommended for use with 50-kilohm input 
resistors. 


VMID_ 
An ac or dc voltage that approximately satisfies the equation 


Vuip = Viom/ v2. 

Vo 

The output product voltage derived from the expression 
(kKVxVy = Vo) 


Vref. 

Temperature compensated zener connected to the —15 volt 
supply to provide a reference voltage as an aid in setting up a 
stable lig. 

Vx, Vy 

The input voltages to be multiplied. 

x-Balance Circuit 

Sets the output to the zero level when the x-input is in 
the zero state. 


y-Balance Circuit 
Sets the output to the zero level when the y-input is in the 
zero state. 


Accuracy 

Accuracy defines the degree of error encountered in the 
operation of the multiplier. It is portrayed on a contour map 
by isomers (contour lines). |somers with the highest values 
indicate “‘less-accurate’ operation of the multiplier. (See 
illustrative Contour Map in Fig. 12.) 


Contour Map 

The contour map, shown in Fig. 12, is a graphical portrayal 
of the multiplier errors in the x, y input plane. Each contour 
line, termed “isomer’’, connects those points whose error 
values (in millivolts) are equal in magnitude. For example, a 
—20 mV contour line with points at Vx = 5V and Vy = —3V 
indicates that the output voltage is 20 mV less than the 
theoretical output product (kVxVy). This error voltage, 
presented in percent of full-scale input (+10 V), defines the 
“accuracy’’ of the device. Thus, a 20-mV error voltage 
represents an “accuracy” of 0.2% as derived from the 
equation: 

Accuracy = 20 mV/10 x 100% = 0.2%. 


A contour map provides a true indication of multiplier 
performance in each of the four quadrants. Each CA3091D is 
comprehensively tested and must provide the specified 
accuracy in the four quadrants. 


Current Converter 

This portion of the IC combines the multiplier’s differential- 
amplifier output currents and converts them to a single- 
ended output current. 


Current Sources 

These circuits provide the biasing currents for the various 
circuits in the IC. The l{g terminal provides the control 
current for the current-source circuit. 


Feedthrough 

Feedthrough occurs when an output signal is produced even 
though one of the input signals is zero. Consequently, 
feedthrough signal characteristics constitute a source of error 
in the operation of a multiplier. In the CA3091D, for 
example, the feedthrough signal output is specified to be less 
than 20 mV p-p when either terminal is set at 20 V p-p and 
the other terminal is set to zero. 


NB 

Circuit biasing control current. 

lic 

See loc. 

lo 

Output product current (kjIxly = 1o), where ky = kR?/ Rt 
loc. lic 


Compensatory input and output currents required to correct 
unlinearity along the x axis. (Optional for low-level signal use.) 


tx, ly 

Input currents to be multiplied. 

k 

Voltage Scale Factor (determines the gain of the multiplier). 


ky 

Current Scale Factor (kj) = (RP /Ru)k. 
k adjust 

Scale-Factor Adjustment. 


Linearity 

“Linearity” indicates the degree of multiplier error (i.e. 
deviation from “straight-line’’ characteristics) along each of 
the four boundaries of the input x, y field. These boundaries 
are formed when one input is held at one of the two 
maximum values (10 volts or —10 volts) and the other input 
is swept through the voltage range. (See Contour Map for 
additional information.) 
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Fig.12—Contour mapping of multiplier accuracy (plotted on isomers) and linearity. 


Linearity Adjust 

An external circuit to provide vernier adjustment for 
optimum finearity. This contro! should be adjusted before 
adjusting the y-balance control. 


Linearity Balance Circuit (Low-Level) 
This circuit makes the multiplier’s transfer function linear for 
low-level x-input signals. 


Linearity Compensator 

Internal circuitry that converts input current into a non- 
linear voltage, a requisite for producing a linear output in the 
differential amplifiers of the multiplier circuit. 


Multiplier Circuitry 
Provides the product of the two input voltages. 


Multiplier Transfer Function 

This function mathematically describes the interaction of the 
two inputs and the resulting output signal. The basic transfer 
function for a multiplier is 


k(Vx + Vxe) (Vy + Vye) = Vo + Voe 


where: k = k factor and represents the basic gain of the 
multiplier 

Vx, Vy = the external inputs to be multiplied 

Vo =the desired value of the product output signal 


Vxe, Vye =the “effective” errors that occur at the inputs 
of the multiplier and cause an output signal 
when either input is in a zero state. 


Voe = the error voltage that develops at the output of 
the multiplier 


DC correction factors are added to the multiplier inputs and 
output to compensate for the errors and offset variations. A 
complex linearity error term appears in the transfer function; 
however, this term is not included in the above equation for 
the purpose of clarity. 


OPERATING CONSIDERATIONS 
Operation of a Multiplier 


A multiplier is, essentially, a gain-controlled amplifier (See 
Fig. 13) that multiplies the input signal (Vx) with the 
external gain controlling signal (Vy) to produce the resultant 
output (V,). The gain is externally adjustable by a coef- 
ficient (k). Stated simply, a multiplier produces an output 
voltage that is the finear product of two input voltages. 


Votk Vy Vy 


92CS-19656 


Fig.13—Gain-controlled amplifier. 


The basic multiplier, shown in Fig. 14a, is a two-quadrant 
multiplier. The input signal (Vx) may have either a positive 
or negative polarity whereas, the external gain-controlling 
signal (Vy) must be positive and greater than the base-to- 
emitter voltage (Fig. 14b). The output current (14-19) of the 
differential amplifier, comprised of transistors Q1 and Q2, is 
related to both the input signal (Vx) and the current source 
(I). Since the current source (I) is related to the gain 
controlling signal (Vy) the output current (11-12), therefore, 
is related to both Vy and Vy. 


q| Ip Vy 
MM 
~O.7V Ue ey 
Vx Q| Q2 Vy 
I — 
{b) 
Q 
Vy 3 
ad 92cS- 19658 
: (a) 
9205-19657 


b} Multiplier functional 


a) Basic circuit. only in shaded region. 


Fig.14—Two-quadrant multiplier. 
This relationship is essentially non-linear; thus an appro- 


priate linearization circuit must be provided in the input 
stage to achieve the following linear relationship: 


Iy-12 =k’ Vx Vy 


where k’ is a constant 


(Eq. 1) 
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CA3091D 


Figure 15 shows a typica! arrangement of three differential 
amplifiers to form a four-quadrant multiplier. This arrange- 
ment incorporates the operating principles of the two- 
quadrant multiplier, but, in addition, it permits both of the 
input signals (Vx and Vy) to have positive or negative 
polarities (or zero). When either input is zero, the output 
current (17-12) must, theoretically, be zero as is shown by 
the following: 
1. Assume V, =O, 

then iq = i2 and i3 = i4 

therefore i4+i4 = i2ti3. 

Since 14 = i4+iq4 and 19 = igti3, 

then 14 = Ig. 

This equality is independent of Vy 

2. Now assume Vy = O, 

then is = ig. 

Sine ig = i1+i2 and ig = igtig, 

then i4+i2 = i3tig. 

Since i = ig and ig = i4 

then i4+ig = i3tig. 

Therefore 17 = !2. 

This equality is independent of Vx. 


CURRENT 
SOURCE 


92CS-19655 


Fig.15—Basic four-quadrant multiplier. 


The multiplying operation discussed in the previous section 
applies when neither Vy nor Vy is zero, The output current 
(14-12) then satisfies Equation 1, 


14-"2 = k’'V»Vy. 


The multiplying action of the four-quadrant multiplier is 
dependent on current unbalance in the three differential 
amplifiers. Ideally, the multiplying operation should not 
occur if either Vy or Vy is O. However, in practical 
applications slight current unbalances do exist. It is neces- 
sary, therefore, to null out such unbalances with external 
potentiometers prior to operation. 


Control 
Adjust 


x Balance 
Linearity 


y Balance 


Zero 
Output 


Ry AC/DC VM 


TYPICAL OPERATING CONSIDERATIONS 

The RCA-CA3091D, shown in Fig. 2, is a four-quadrant 
multiplier that incorporates the basic multiplier principle, 
previously discussed in ‘Operation of a Multiplier’. Because 
the design of this multiplier is based on the multiplication of 
two input currents to produce an output current it is 
necessary to convert the input voltages to input currents and 
the output current to an output voltage by inserting resistors 
at both input and output terminals. Fig. 1 shows the 
four-quadrant multiplier with its peripheral circuitry for 
nulling current unbalances. 


The Bias Current (1jg) at Term. 3 sets the operating current 
level for the entire multiplier circuit by means of a 
current-source circuit. Therefore, it is essential that this bias 
current level remain constant under all operating conditions. 
To maintain this steady state, a temperature compensated 
zener diode is provided on the chip and connected to the 
Reference Voltage (Term.6). 


Linearity of the differential amplifier transconductance 


“function is accomplished by linearity compensators as shown 


in Fig. 1. To correct low-level signal unbalances that may 
occur between Differential Amplifiers A and B, an external 
9otentiometer is connected to Terminals 7 and 8 (See Fig. 
1). The Current Converter circuit, which consists of a set of 
current mirrors, supplies the output current (Iq —{2). It is 
important that circuit unbalances be corrected prior to 
operation. Table | describes the alignment procedures for 
correcting these unbalances. 


Armultifunctional circuit board (Figs. 16 and 17) is available 
for performing the four basic applications, such as, multi- 
plying, dividing, squaring and taking the square root. 


When the CA3091D is used as a multiplier (Fig. 18) or as a 
squarer (Fig. 18) only the basic pheripheral circuitry on the 
multifunctional circuit board is utilized and the general- 
purpose operational amplifier (CA3741T) is disabled from 
operation. Follow the ac alignment procedures for these two 
applications before operating the circuit. 


When the CA3091D is used as a divider (Fig. 20), the 
operational amplifier is required in order to provide the 
proper negative feedback. The limitations for operation as a 
divider are that O<Vy< 10V and —10V< Vz < 10V. Note, 
the range of Vy is limited to the positive polarity; if Vy was 
permitted to go negative, the feedback loop would go: 
positive and, thereby, create an unstable operating condition. 


Alignment of the divider (Fig. 19) differs from multiplier and 
squarer alignment because of the additional variances intro- 
duced by the operational amplifier. A coupling capacitor is 
provided at the output of the divider alignment circuit in 
order to separate the ac signal from the dc signal and, thus, 
avoid interaction between the calibrating potentiometers. 


The alignment procedure for the square-rooter function (Fig. 
21) is identical to the alignment procedure for the divider 
function. The input voltage range is limited to O < Vj < 
Table | 


AC Alignment Procedures For CA3091D, Four-Quadrant Multiplier 


(Refer to Fig. 16, for circuit pertaining to following alignment procedures.) 


Voltage Setting 


Set all potentiometers to center of range. 
Adjust for a minimum reading. 
Adjust for a minimum reading. 


Repeat Steps 1 and 2 until no further improvement 
is noted. 


Adjust for a minimum reading. 


Adjust for zero output. 


Adjust for Vi4ip /10 at the output. 


Check multiplier for alignment in all four quadrants. 


ViM — ts the maximum AC swing of the sine wave that wil! be applied to the multiplier. A 20-volt p-p value is the nominal maximum swing 


of the AC sine wave with input resistors of 50 kilohms. 


VmMip — An AC or DC voltage that approximately satisfies the equation Vigip = Vim/ Vv 2. For example, if a 50-kilohm resistor is used with 


a 7-volt input, then Ry should be adjusted for a 4.9-volt output. 
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10V. This limitation is necessary in order to prevent the 
output voltage (Vo) from latching to the negative output 
saturation voltage of the operational amplifier. Table !! de- 
scribes the divider alignment procedure. 
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SAMPLE-BOARD TERMINAL 
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Fig.16—Typical multifunction circuit arrangement utilizing 
the CA3091D and CA3741T. 
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b} Component side. . 
Fig.17—Photographs of a printed-circuit board for multi: 
function applications (multiplier, squarer, divider, 
square rooter) utilizing the CA3091D and CA3741T. 


CA3091D 


Table 11 —— Divider Alignment Procedure 


Test 
Equipment 
Used 


Output 
Coupling 


- Set all potentiometers to center of range. 


Ozero Adjust for minimum reading. 
Xbalance Adjust for OV dc output. 
Ybalance + Adjust for minimum reading. 
kadjust Adjust for 10 V dc output. 


CONNECT Vx AND Vy 


TERMINALS FOR SQUARER 
OPERATION 


x - VOLTAGE ©) 
INPUT 


-1OVEV, S10 VO 


y-VOLTAGE 2 
tonue “IOVS VoSI0V Vo =k (Vp) 
~lOV SV <I0 *SEE FIG. II FOR 
y PERIPHERAL 
CIRCUITRY 
VI Vo 92CS-19660 
a) Circuit arrangement for multiplier or squarer operation. c) Terminal connections for squarer operation. 
Fig.18—Multifunction circuit-board arrangement with terminal connections for multiplier and squarer operation. 
Vo 
(OC COUPLED) 
= wv, 
Vwi 
ov, . 
: Vo AC TO 
RA = 
O-15V  10kNS (AC woe lene DIVIDER 
COUPLED) 
y | = = be 92CS-19654 
= ee TIS Set OR FERRERS CIRCUERYS «Rrra Fig.19~—(b) Circuit to provide offset ac signal for use in 
Fig.19—(a} Divider alignment circuit. divider alignment procedure. 
OC vtsisv 
O vtsisv 
Vz 
AOVSEV, S10VO 
VI 
O< Vy <WV 
“I0€ Vo $ 10V 
Vy 
o<v, si0v O | 
Vz 
Yo kV, 
CA3091D 
WITH | 
PERIPHERAL sis 
CIRCUITRY * 


*SEE FIG.11 FOR 


PERIPHERAL *SEE FIG.11 FOR 
CIRCUITRY PERIPHERAL 
CIRCUITRY 


a) Circuit arrangement for square-rooter operation. 


Vz 
a Vy O.1V 
Yo YW V, secs; 1aess Yo Vy 9208-19661 
b) Terminal connections for divider operation. b}) Terminal connections for square-rooter operation. 
Fig.20—Multifunction circuit-board arrangement with ter- Fig.21—Multifunction circuit-board arrangement with ter- 
minal connections for divider operation. minal connections for square-rooter operation. 
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CA3093E 


General-Purpose High-Current N-P-N Transistor- 


Zener Diode - Diode Array 


RCA CA3093E* is a versatile array of three high-current 
(to 100mA) NPN transistors, two 10%-tolerance Zener diodes 
and one conventional diode, all on a common monolithic 
substrate. Two of the transistors (Q1 and Q) are matched 
at 1 mA for applications in which offset parameters are of 
special importance. The combination of positive Zener voltage 
temperature coefficients and negative forward base-emitter 
voltage temperature coefficients provides a unique tempera- 
ture compensation capabitity. 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C 


Power Dissipation: 


Any one transistor 0.0... eee eee eee 
Any one Zener Diode ........... 00: c ccc eee ees 
Total: package: 2. se. cee et ea oa a 
RSGVEC26: C. ~~ 10a, 5.05 ha bir es tassel ale Dee Dae eas 


Ambient Temperature Range: 


Operstiig: shits eens eects See ees ee tees 
Storade:: «cae cdot enciaiy Senedd Behe eat aS 


Lead Temperature (During Soldering): 
At distance 1/16 + 1/32 inch (1.59 + 0.79mm} 
from case for 10 seconds max. 


The following maximum ratings apply for each transistor 


Collector-to-Emitter Voltage (VCEQ) .....-.. 6 eee ee eee 
Collector-to-Base Voltage (VCBO) .. 6-6... eee ee eee 
Collector-to-Substrate Voltage (Vcig)" ... 0.26.2 eee eee 
Emitter-to-Base Voltage (VEBO) ... 6... ee ee eee 
Collector Currentiey .nns6s.2 cau lveswnwew an ee eek Ss 
Base‘Current. (lg). wwe idk by Sete ate ie cies vida Sate hiade es 


Independent connections for each transistor and diode plus 
a separate terminal! for the substrate permit maximum flexi- 
bility in circuit design. 


ww 
“Formerly developmental type TA6119 
#24, 29 and 01 are transistors internally connected as shown below. 


The following maximum ratings apply for each Zener Diode or Diode 


Zener Diode dc Current (17) 6. ee ee 
Zener Diode-to-Substrate Voltage (V7iQ)" ..........205 
Diode (D1) Forward Current (Ipf) ............... 0200 
Diode (D1) Reverse Voitage(VpR) ..........--- 00ers 
Diode (D1)-to-Substrate Voltage (VpiQ)* ............06- 


*The collector of each transistor, the cathode of each Zener diode, 
and the anode of the diode are isolated from the substrate by an 
internal diode. The substrate must be connected to a voltage which 
is more negative than any of these isolated terminals in order to 
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Fig. 2—hfevsic 
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hig deme shes “aXGid Bele te Woh laren de etek eds 500 mw 
sie hau Mant a alate ok Shh 2 250 mW 
spelt) Shs wheter Glee. He £67 750 mW 
whe i area Be Derate linearly 6.67 mWw/°C 
Leh Mudd heheh a Sole was O04 2 —55 to +125 “C 
i Oe Taree ene or —65 to +150 °C 
icinind nec MNaADA weg dt eee PM +265 °c 
tice ee att kena seeds pare ans eset 15 Vv 
Fie uc ee ake ee are eae 20 Vv 
EE eT are eee? 20 Vv 
by teaveshtat unt Sethe ot Reh ice os 5.5 Vv 
Beas PON Be rac as es 8a a arenas es 100 mA 
Re AE era tee ten eT er mre 35 mA 
Ne Tee tree Cree 35 mA 
bite glee Be at ea te aac BA Oe 20 V 
BA tek fhe Des ade es % Scat cowie ace 50 mA 
aceite aya tansdee dotanle are ee eed 5.5 Vv 
BP Seascale he ciinit te, Alas Bayes cacd se ioede 20 V 


maintain isolation between devices and provide normal transistor 
action. To avoid undesired coupling between devices, the substrate 
terminal (5) should be maintained at either dc or signal (ac) ground. 
A suitable bypass:capacitor can be used to establish a signal ground. 


TYPICAL STATIC CHARACTERISTICS 


DIODE VOLTAGE DROP (Vp;) 
TYPICAL TRANSISTOR BASE-TO- EMITTER 
VOLTS (Vge) 


“Ol T) 100 


TRANSISTOR COLLECTOR OR DIODE MILLIAMPERES (Ic or py) 
92CS-19680 


Fig. 3— Vggevsicand Vpzivs!p7 


Features: 


® 6 independent devices plus separate substrate connection 
® Compensating temperature coefficients — Vge and Vp4 
VS. Vz 


Transistors 


@ High Ic (100mA max) 
@ Matched pair (Q1 & Q9) 
Vio = + SmV max 


tic=1mA 
No = 2.5 uA max eee am 


AViIQ/AT = 5 uV/°C typ 


® hee = 40 min @ Ic = 10mA 
or 50mA 


@ Low VcEsat...0.7V max @ 50mA 


Zener Diodes 


= Two 1/4W Zeners 
@ V7=7V +10% 
B 27 = 1522 typ 


Diode 


® Close forward voltage match to Vee's of Qy and Q2 
® Vpiy = 5.5V min. 


Applications 


® Signal processing and switching systems operating from 
DC to VHF 

Lamp and relay driver 

Differential amplifier 
Temperature-compensated amplifier 

Thyristor firing 

Temperature-compensated shunt regulator 
Temperature-compensated series regulator 

Level shifting 

Voltage-level clamping 

Current regulator 

Voltage clamping 

Simple off-line regulated supply 

See RCA Application Note, ICAN-5296 “Application of 
the RCA-CA3018 Circuit Transistor Array’ for applications 
in addition to those given on pages 5 & 6 of this bulletin. 


ge fh, 


92C$ 19701 


SUBSTRATE 


CA3093E 


92CS-19679 


Fig. 1 — Functional diagram of the CA3093E (bottom view) 


COLLECTOR-TO-EMITTER SATURATION 
VOLTS (VCE sat) 


COLLECTOR MILLIAMPERES (Ic} 
92CS-17765 


Fig. 4— VeEsat vs Ic at 25°C 


CA3093E 


ELECTRICAL CHARACTERISTICS at Ta = 25°C 
For Equipment Design 


1.2) SET DC FORWARD-CURRENT TRANSFER RATIO (hee): 10 
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TEST CONDITIONS LIMITS 


4 
SYMBOL E 
p. 


UNITS 


CHARACTERISTICS 


For Each Transistor: 


Collector-to-Base 
Breakdown Voltage 


Icy = 100A, 1g = 0, 
COLLECTOR MILLIAMPERES (Ic) 
92CS -17 766 


Collector-to-Substrate ViBRICIO 
Breakdown Voltage ig = 0 
Emitter-to-Base V(BRJEBO te = 500zA, Ic 
Breakdown Voltage 
Collector-Cutoff-Current IcBo Veg = 10V, IE ee 


Fig. 5 — VCEsat vs !¢ at 70°C 


1] SET OC FORWARD-CURRENT TRANSFER RATIO (hee) #10 


Ty 
76 AMBIENT TEMPERATURE (Tq) + 25°C 
75 


=0 
Collector-Cutoff-Current ICEO Vce = 10V, lg = 0 
: =0 
In = A 
DC Forward Current V . 
Transfer Ratio PEE Ce > ey. 
Ic = 50mA 
Cc 


Forward Base-to-Emitter Voltage VBE Vce = 3V. Ice = 10mA\ 
Collector-to-Emitter VcEsat Io = 50mA, lg = SmA 
Saturation Voltage 
Forward Base-to-Emitter AVBE/AT Ie = 10mA 
Temp. Coefficient 
For Transistors Q1 and Q2 (As a Differential Amplifier): 


Absolute Input Offset Voltage Mio! 
Absolute Input Offset Current Fol 


Temp. Coefficient of Offset Voltage lAViQ/ASTI Ro 

For Each Zener Diode 

Zener Impedance = 1kHz 

Zener Reverse Current 
VoF 
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BASE -TO-EMITTER SATURATION VOLTS ( Vag sot 


Vce = 3V, Ic = IMA 


2 4 6 8 2 4 6 8 
' 10 100 
COLLECTOR MILLIAMPERES (I,) 


92CS-17767 
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Fig. 6 - VBEsatvs!c 


6} COLLECTOR-TO- EMITTER VOLTS (Vee): 3V 
AMBIENT TEMPERATURE (Ty): 25°C 


Zener-to-Substrate Breakdown V(BR)ZIO Iz = 100uA 20 
Voltage (Terminals 7 & 9) 
Dissipation Refer to Example in 
Application ‘’a” 


For Diode (D1) 


Diode Forward Voltage hevae << Ic = 10mMA, VcgE = 3V 


Diode Reverse- Breakdown Voltage ViBR)OR IpR = S00uA . | 56 | 


Zener Voltage Temp. Coefficient AVZ/AOT Iz = 10mA ee 


ae 
(oe, 
aon 


0.7 


ABSOLUTE INPUT-OFFSET VOLTAGE (V;9}— mV 


COLLECTOR MILLIAMPERES (Ic) 
92CS-17768 


Fig. 7— Vig vs Ic (transistors Q1 and Q2 as a 
differential amplifier) 


Diode-to-Substrate VigR)DIO '!Diode = 100nA 
Breakdown Voltage (Terminal 10) 
Diode Forward- Voltage AVp-/A4T 
Temp. Coefficient 


AMBIENT TEMPERATURE (Ta): 25°C 
< — g] COLLECTOR- TO-EMITTER VOLTS (Vcg 1? 3V FREQUENCY (f)=1KHz 
hy AMBIENT TEMPERATURE (Ta): 25°C 7 7 +H 4 
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differential amplifier) Fig. 9— Typical Zener breakdown voltage vs current Fig. 10— Typical Zener impedance VS current 
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CA3093E 


TYPICAL APPLICATIONS 


a) +7V Regulator supplying CA3093E Transistors plus an external 


load. 
+VUNRES O 
C) 
CA3093E 
oc EXTERNAL 
COMMON astro ates LOAD 
C) 
C) 
-VUNREG O— 


92CS-19603 


Sample Computation for Determining Permissible Zener Dissipation 
at +25°C, 


CA3093E Ratings at Ta = +25°C 


Total Diss. Max = 750 mW (Derate @ 6.67 mW/°C above 25°C) 
Each Zener Diss. Max = 250 mW 
Max. Zener Current = 35 mA 


Assume CA3093E Transistor/Diode Load Dissipation = 350 mW then 
max. total Zener Diss. (P72, + PZ) = 750 - 350 = 400 mW 


400 mW 


(124 + 122) max = “jy = 57mMA 


(Note: Max. current rating on each Zener is 35 mA) 


d) Temp.-Compensated Series Voltage Regulator 


€ UNREG <18V 


= 92CS$-196KE 


Typical Temperature Characteristic @ E, = 12v 
AE L/é L 
area 100= + 0.009%/°C 
Typical Load Regulation @ E, =12V 
I, =O to 40mA 
SE: 
EL 


x 100 = + 0.4% (no load to full load) 
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b) 14V Regulator for Q1, Q2, Q3 


2000 


Ih. 


EUNREG : 20V 


PART OF CA3093E a 


92cs-19604 


Typical Load Regulation 
for I_ =0 to 25 mA 


DEL /EL x 100 = -6% 
(no load to full load) 


Typical Line Regulation 


(QE_/E_) x 100 
AE unreg. 


~ + 0.9%/V 


Typical Temperature Characteristic 
OE, /Ey 
AT 


x 100 = +0.05%/°C 


Typical Line Regulation @E, = 12V 
(AE _/E.) x 100 


= + 0.45%/V 
AE unreg. 


Typical Ey Ripple Voltage = 70 mVp-p 


SE, 
E x 100 = -8.5% (no load to full load) 


Typical Load Regulation = 
I = Oto 30mA 


(AEL/EL) x 100 


Typical Line Regulation = 
4Epac 


= + .075%/V 


c) 8.6V Temp.-Compensated Shunt Regulator 


CA 3093E 
1206. ee ee ee 


EUNREG =I5V 


92CS-19685 


Typical Temperature Characteristic @ R_ = 3302 
AE L/EL x 100 = + 0.007%/°C 
AT : 
Typical Load Regulation I, =0to40mA 


(AE, /E,) x 100 =-3% (no load to full load) 
‘Typical Line Regulation at Ry = 3302 
AE L/EL 


AE unreg. x 100 = + 0.55%/V 


e) Off-Line 7V Regulator 


OFF-LINE 7V REGULATOR 


PART 

200Vv Ry Ra we 
CA30931 

RECT ik/2w 


620N/IW [2 7 


IN441B fr? TO BORA 


92CS- 196487 


CA3094, CA3094A, CA3094B Types 


Programmable Power Switch/Amplifier 


For Control & General-Purpose Applications 


CA3094T,S,E: 


For Operation Up to 24 Volts 


CA3094AT,S,E: For Operation Up to 36 Volts 


CA3094BT,S: 


The CA3094 is a differential-input power- 
control switch/amplifier with auxiliary cir- 
cuit features for ease of programmability. 
For example, an error or unbalance signal can 
be amplified by the CA3094 to provide an 
on-off signal or proportional-control output. 
signal up to 100 mA. This signal is sufficient 
to directly drive high-current thyristors, re- 
lays, dc loads, or power transistors. The 
CA3094 has the generic characteristics of the 
RCA-CA3080 operational amplifier directly 
coupled to an integral Darlington power tran- 
sistor capable of sinking or driving currents 
up to 100 mA. 


The gain of the differential input stage is 
proportional to the amplifier bias current 
(1ABC), permitting programmable variation. 
of the integrated circuit sensitivity with either 
digital and/or analog programming signals. 
For example, at an !Agc of 100 WA, a one- 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE: 
Dual Supply ....... 2.0.0... cc ccc ete ee ee ees 
Single Supply oy... eee ee eee 

DC DIFFERENTIAL INPUT VOLTAGE 
(Terminals 2and 3) 21.1... ee ees 

DC COMMON-MODE INPUT VOLTAGE .............. 

PEAK INPUT SIGNAL CURRENT 
(Terminats 2 and 3) 

PEAK AMPLIFIER BIAS CURRENT 
(Terminal: 5)) 2 oiccacdecls Seca cin EE AR EAD 

OUTPUT CURRENT: 

OAK 35; She create Evade nin eaea leer ete d aiden acd Saiete 
Average 

DEVICE DISSIPATION: 

Up to Ta = 559C: 
Without heat sink 
With heat sink 

Above Ta = 55°C: 
Without heat sink derate linearly 
With heat sink derate linearly 

THERMAL RESISTANCE 
(Junction to Air) 0... eee eee 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage taker eet eats b OE de ea oe Sa eae en 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) 

from case for 10s max.. 


Cd 


Ce 2 


Cr 


oe or er wee wt ore rarer ere rere ee 


Ce ee 


a 


For Operation Up to 44 Volts 


millivolt change at the input will change the 
output from 0 to 100 mA (typical). 


The CA3094 is intended for operation up to 
24 volts and is especially useful for timing 
circuits, in automotive equipment, and in 
other applications where operation up to 
24 volts is a primary design requirement 
(see Figs.28,29 and 30 in Applications Sec- 
tion). The CA3094A and CA3094B are 
like the CA3094 but are intended for oper- 
ation up to 36 and 44 volts, respectively 
(single or dual supply). 

These types are available in 8-lead TO-5 
style packages with standard leads (“T” 
suffix) and with dual-in-line formed leads 


“DIL-CAN” (“S” suffix). Type CA3094 is 


also available in an 8-lead dual-in-line plastic 
package “MINI-DIP’ (“E’’ suffix), and in 
chip form (“H” suffix). 


CA3094 CA3094A CA3094B 
+12V +18V +22V » Vv 
24V 36 V 44V Vv 
+ 5° -—————— Vv 


Term. 4 & Term. 2& 3 & Term. 7 


+1 mA 

2 mA 

300 mA 
100 mA 
630 —--—_______---_— mW 
16 ————_—_—___-_—--——————_ WwW 
6.67 mW/°C 
16.7 mW/°C 
140 oC/W 
—55 to +125 ———____ oc 
—65 to +150 ——_—_____—_——_———_ oc 
+ 300 —____________-_-_--—- oC 


* Exceeding this voltage rating will not damage the device unless the peak input signal current (1 mA) is also exceeded. 


Features: 


Designed for sing/e or dual power supply 
Programmable: strobing, gating, squeiching, 
AGC capabilities 

Can deliver 3 watts (avg.) or 10 W (peak) to 
external load (in switching mode) 


High-power, single-ended class A amplifier will 
deliver power output of 0.6 watt (1.6 W device 
dissipation) 

Total harmonic distortion (THD) @ 0.6 W in 


_ class A operation — 1.4% typ. 


a 
Applications: 


High current-handling capability — 100 mA (avg.), 

300 mA (peak) 

Sensitivity controlled by varying bias current 

Output: “sink” or “drive” capability 

‘t ‘i 

Error-signal detector: temperature control 

with thermistor sensor; speed control for 

shunt wound dc motor 

Over-current, over-voltage, over-temperature 

protectors 

Qual-tracking power supply with RCA-CA3085 

Wide-frequency-range oscillator ® Analog timer 

Level detector = Alarm systems & Voltage followe 

Ramp-voltage generator ® High-power 
comparator 

Ground-fault interrupter (GF!) circuits 


FUNCTIONAL DIAGRAMS 


SINK OUTPUT 
(COLLECTOR) 


EXTERNAL 
FREQUENCY TAB 
COMPENSATION 

OR INHIBIT 
INPUT 


ORIVE OUTPUT 
(EMITTER) 


O'FFERENTIAL 
VOLTAGE 


INPUTS Taac CURRENT 


PROGRAMMABLE 
INPUT 
{STROBE OR AGC) 


GROUND , V" IN 
DUAL- SUPPLY 
OPERATION 


NOTE PIN 4 1S CONNECTED TO CASE 


TOP VIEW 
92CS- 2488) 


TO-5 Style Package 


EXTERNAL 
FREQUENCY 
COMPENSATION 
OR INHIBIT 

INPUT 


SINK OUTPUT 
(8) (COLLECTOR) 


OVFFERENTIA 
VOLTAGE 


RE TPuT 
INPUTS Pa ee 


(6) (EMITTER) 


GROUND, V" IN 
DUAL- SUPPLY 
OPERATION 


Taac CURRENT 
PROGRAMMABLE 
INPUT 
(STROBE OR AGC) 


92CS-298B2 


TOP VIEW 


Plastic Package 
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CA3094, CA3094A, CA3094B Types 


ELECTRICAL CHARACTERISTICS at Ta= 25°C For Equipment Design 


TEST CONDITIONS LIMITS 


Single Supply Vt = 30 V 
Dual Supply V+ = 15 V, 
| —=15V 
TABC = 100 LA 
Unless Otherwise 
Specified 


CHARACTERISTIC 


INPUT PARAMETERS 


TA = 259C 
Ta = 0 to 70°C 
Change in Vi9 


Input Offset Voltage VIO 


mV 


Input-Offset-Voltage Change | AVvio| 


Input Offset Current lo 


Input Bias Current 


Between !apc = 100 vA 


and |lagpc=5wuA 
TA = 25°C 0.2 pA 

azowmoe |= [| oa | 
TA = 25°C . ; 

rasownc |_| 

Device Dissipation i ee 


Common-Mode Rejection Ratio CMRR. are FT 


BA 


N >) 
oO =< roo) 
co nN N 


Common-Mode Input— 
VICR 


+ 
—_ 
io) 


Voltage Range 


: 
= 
wn 0 


3 
< <i<ci< = 


Ic=7.5mA , 
VcE=15V 
1ABC = 500 LA 
Ic=7.5mA 
BWOL| VCE = 15 V 
IABC = 500 uA 


Total Harmonic Distortion up Pp = 220 mW 
(Class A Operation) Pp = 600 mW 
Amplifier Bias Voltage Vane ft 


= 
= 
N 


Unity Gain-Bandwidth 


Open-Loop Bandwidth 
At —3 dB Point 


kHz 


ae 


io) = Oo 
fey) 
oO - ff 


aa 

pe fe 
,|o °o 
“OO 
“16 6 


5 


(Terminal (No.5 to Terminal No.4) 


AVio/AT 
Temperature Coefficient 


Input Offset Voltage 


Power-Supply Rejection AViO /Av uVv/V 
f = 10 Hz 

1/F Noise Voitage EN nVWHz 
IABC = 50 uA 


f = 10 Hz 
1/F Noise Current IN . 
lABC = 50 uA 


Differential Input Resistance R; | !ABC = 20uA 


; f= 1 MHz 
Differential Input Capacitance C; 
1Vt=30V 


= 


o 
fea 


2.6 


— 
5| 5 
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DIFFERENTIAL 
VOLTAGE 
INPUTS 


EXTERNAL FREQUENCY 
COMPENSATION OR INHIBIT INPUT (1) (@7)v* 


AMPLIFIER 
BIAS INPUT 


(DRIVE } 


OUTPUT 


OUTPUT | OUTPUT INPUTS 
MODE TERM [| INVINON-INV. 


"source"| 6 [2 [3 | 92c8- 20294 
“sink” [a [3 [27] 


Fig.1 — Schematic diagram of CA3094. 
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AMPLIFIER BIAS MICROAMPERES ( Tasc) 
9205-17588 
Fig.2 — Input offset voltage vs. amplifier bias 
current (lagc, terminal No.5). 
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Fig.3 — Input offset current vs. amplifier bias 
current (lagc, terminal No.5). . 
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CA3094, CA3094A, CA3094B Types 


ELECTRICAL CHARACTERISTICS at Ta = 25°C For Equipment Design 


TEST CONDITIONS LIMITS 


Single Supply V* = 30 V 
Typ. 


Dual Supply Vt = 15 V, 
V-=15V 
TABC = 100 LA 
OUTPUT PARAMETERS (Differential Input Voltage = 1V) 
Peak Output Voltage: 
(Terminal No. 6) 


Unless Otherwise 
Specified 
With Q13 “ON”  VtOM 
With Q13 “OFF” 
Peak Output Voltage: 
(Terminal No. 6) 
Positive VtOM , 
Negative 
Peak Output Voltage: 
(Terminal No. 8) 
With Q13 “ON” VtOM 
With 013 “OFF” 
‘| Peak Output Voltage: 
(Terminal No. 8) 
Positive VtOM 
Negative 
Collector-to-Emitter 
Saturation Voltage 
(Terminal No. 8) VCE(sat) 
Output Leakage Current 
(Terminal No. 6 to 
Terminal No. 4) 
Composite Small-Signal 
Current Transfer Ratio (Beta) 
(G42 and Q43) hfe 
Output Capacitance: 
Terminal No. 6 
Terminal No. 8 


CHARACTERISTIC 


UNITS 


Vt+=30V 
Rt =2kQ to ground 


Vt=+15V,V =-15V 


Rp =2kQ2to—-15V 


v+=30V 
RL =2kQto 30V 


29.95 25.99 
0.040 
+14.95 | +14.99 V 
14.96 V 


0.17 
| 16,000 | 100,000 


Vt=15V,V-=-15V 
RE =2kQto+15V 


Vt=30V 
Ic = 50 mA 
Terminal No.6 grounded 


f= 1 MHz 
All Remaining 

Terminals Tied to 
Terminal No. 4 


Co 


pF 
pF 
TRANSFER PARAMETERS 
V+=30V 
ABC = 100 uA 20,000 | 100,000 V/V 
i A 
Voltage Gain AVout = 20 V 
Rp =2kQ 


Forward Transconductance 


Slew Rate: 
Open Loop: 


1ABC = 500 vA 
Rp =2kQ 


Positive Slope 
Negative Slope 
Unity Gain 
(Non-Inverting, 
Compensated) 


IABC = 500 vA 
RE =2kQ> 


TYPICAL CHARACTERISTICS CURVES 
(Cont'd) 
an 


ic 

HA 

CONTE 
TT 


J = 
v 


iN 


\ 
N 


Pot ANAT Ta 


wi 
nm 
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Fig.4 — Input bias current vs. amplifier bias 
current (lagc, terminal No.5). 
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Fig.5 — Device dissipation vs. amplifier bias 
current (lagc, terminal No.5). 
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Fig.6 — Amplifier supply current vs. amplifier 
bias current (laBc, terminal No.5). 
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Fig.7 — Common mode input voltage vs. amplifier 
bias current (la Bc, terminal No.5). 
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CA3094, CA3094A, CA3094B Types 


SUPPLY VOLTAGE (V*)=+15 V;(V~)=-ISV 
SOURCE RESISTANCE (Rg)<02 
AMBIENT TEMPERATURE (Ta)=25°C 
FOR TEST CIRCUIT, SEE FIG. 21 


@i/t NOISE VOLTAGE (Ey)— nv Hr 


FREQUENCY (f)—Hz 92¢$ -20388 


Fig.8 — 1/F Noise voltage vs. frequency. 


SUPPLY VOLTAGE (V*)=20V 
COLLECTOR -TO-EMITTER VOLTAGE (VcE)=I0V 
AMBIENT TEMPERATURE (Ta)}=23°C 


COMPOSITE DC BETA (Q)2,0;3) 
J TT TN 
TA 
Lae 
Lt ee 
nie CSREES ie Ms 2 EE 
Se Se es 2 a 


COLLECTOR MILLIAMPERES (I¢)— mA 
92CS-2039t 


Fig.11 — Composite dc beta vs. collector current 
of Darlington-connected output tran- 
sistors (042, Q73). 


SUPPLY VOLTAGE (V*)=+15V,(V-)=-I5V 
AMBIENT TEMPERATURE (Tq) 225°C 
FOR TEST CIRCUIT, SEE FIG.23 


SLEW RATE — V/ps 


AMPLIFIER BIAS CURRENT (Iago) —»A 
92CS-20393 


Fig. 14 — Slew rate vs amplifier bias current. 


OPERATING CONSIDERATIONS 


The “‘Sink’’ Output (terminal No.8) and the 
“Drive” 
CA3094 are not inherently current (or power) 
limited. Therefore, if a load is connected 
between terminal No.6 and terminal No.4 
(V~ or ground), it is important to connect a 
current-limiting resistor between terminal 
8 and terminal No.7 (V*t) to protect tran- 
sistor Q43 under shorted load: conditions. 
Similarly, if a load is connected between 
terminal No.8 and terminal No.7, the current- 
limiting resistor should be connected be- 
tween terminal No.6 and terminal No.4 or 
ground. In circuit applications where the 
emitter of the output transistor is not con- 
nected to the most negative potential in 
the system, it is recommended that a 100- 
ohm current-limiting resistor be inserted be- 
‘tween terminal No.7 and the Vt supply. | 
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Output (terminal No.6) of the 


SUPPLY VOLTAGE (V*)=+15 Vv; (¥"}-iS¥ 
SOURCE RESISTANCE (Rs)+tMO 
AMBIENT TEMPERATURE (Ta)*25°C 
FOR TEST CIRCUIT, SEE FIG. 21 
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Fig.9 — I/F Noise current vs. frequency. 


PHASE ANGLE 
(Iagc* 500A) 


SUPPLY VOLTAGE (vt)=+I5V;(V7)2-15 
LOAD RESISTANCE (R,)#2K2 
(TERMINAL 6 TO V7) 

AMBIENT TEMPERATURE (Ta)* 25°C 
FOR TEST CIRCUIT, SEE FIG 22 


OPEN-LOOP VOLTAGE GAIN (Ag,)— 48 
PHASE ANGLE (¢)— DEGREES 


' 10 io i 10% 10 


FREQUENCY (f)—Hz 
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Fig. 12 — Open-loop voltage gain vs. frequency. 
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Fig. 15 — Slew rate vs closed-loop voltage gain. 


TEST CIRCUITS 

1/F Noise Measurement Circuit 

When using the CA3094, A, or B audio amp- 
lifier circuits, it is frequently necessary to 
consider the noise performance of the de- 
vice. Noise measurements are made in the 
circuit shown in Fig.21. This circuit is a 


-30-dB, non-inverting amplifier with emitter- 


follower output and phase compensation 
from terminal No.2 to ground. Source re- 
sistors (Rs) are set to 0.2 or 1 MQ for 
E noise and ! noise measurements, respec- 
tively. These measurements are made at 
frequencies of 10, Hz, 100 Hz, and 1 kHz 
with a 1-Hz measurement bandwidth. Typi- 
cal values for 1/f noise at 10 Hz and 50 pA 


IABC are En = 18 nv/ (AZ and Ij = 1.8 


PAL /AZ: 
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Fig. 10 — Collector-emitter saturation voltage 
ys. collector current of output tran- 
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100 1000 
AMPLIFIER BIAS MICROAMPERES (Iagc) 
92CS-17599 
' Fig.13 — Forward transconductance vs 


amplifier bias current. 


NK AMPLIFIER BIAS CURRENT (age! SOOnA 
See Fert hl Ligeti el bai (Ta )#25°C 
NO% PRSHESYT SIGNAL WITH 10% 


poe PHASE COMPENSATION 
TEST CIRCUIT, SEE FIG. 25 


PHASE COMPENSATION CAPACITANCE (Cc)— pF = 
PHASE COMPENSATION RESISTANCE (Ro) —@ 


10 20 30 40 50 60 
CLOSED-LOOP VOLTAGE GAIN (Ac, )— 4B 
92CS -20395 


Fig. 16 — Phase compensation capacitance and 
resistance vs closed-loop voitage gain. 


INPUT OF FSET VOLTAGE: 
- £0UT 
VIO "100 


FOR POWER SUPPLY 
REJECTION TEST: 
(1) VARY V* BY -2 VOLTS; 
THEN (2) VARY V~ BY 
+2 VOLTS 
QUATIONS: 
(1) V+ REJECTION = 


Eg OUT - £1 OUT 
200 


(2) V— REJECTION - 


Eo our - €2 0UT 
200 


=20L06 —— 
Saal saaiec ion: 
°MAXIMUM READING OF 
STEP 1 OR STEP 2 


+15V +30V 


92C8-20596 


Fig.17 — Input offset voltage and power-supply 
rejection test circuit. 
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Fig.18 — Input offset current test circuit. 
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* RoI MO (1/F NOISE CURRENT 
i202 TEST) 


Rg ON (YF NOISE VOLTAGE 
TEST) 
OUTPUT (RMS) 


92CS - 20400 


-1SV 


Fig.21 — 1/F noise test circuit. 


92CS -20403 


Fig.24 — Slew rate vs. non-inverting unity gain 
test circuit. 


TYPICAL APPLICATIONS 


For Additional Application Information, re- 
fer to Application Note !CAN-6048 “Some 
Applications of a Programmable Power/ 
Switch Amplifier IC”. 
Design Considerations 


The selection of the optimum amplifier bias 
current (1ABC) depends on — 
1. The Desired Sensitivity — the higher the 


CA3094, CA3094A, CA3094B Types 


TEST CIRCUITS (Cont'd) 


+30v 


300 k2 


IT 
INPUT CURRENT (p> 


92Cs -206 


Fig.19 -- Input bias current test circuit. 


+15V 


Rs 


wWKQ = +5V 


RL 22K2Q 


-15V 


92CS - 20401 


Fig.22 — Open-loop gain vs frequency test circuit. 


+15V 


-15V 9205 Mae. 


Fig.25 — Phase compensation test circuit. 


IABC, the higher the sensitivity — i.e., a 
greater-drive current capability at the out- 


put for a specific voltage change at 
the input. 


2. Required Input Resistance — the lower 

the !agc, the higher the input resistance. 
If the desired sensitivity and requred input 
resistance are not known and are to be ex- 
perimentally determined, or the anticipated 


+15V 


00x 26 V 
E2 our-E1 out 
INPUT VOLTAGE RANGE FOR CMRR=! TO 27V 


CMRR (d8)*20 Log | 00226 
E2our Eiour 


CMRR« 


92CS-20399 


Fig:20 — Common-mode range and rejection ratio 
test circuit. 


oS V 


92CS-20402 
-t5V 


Fig.23 — Open-loop slew rate vs |ABc test circuit. 


120 VAC 


vt 2#30V 
@ 


Cc 
40529 
©) 
COMMON 
Ci #«0.5 BF 92CS~-20405R2 
D) = INSI4 


R) = 0.51MQ.=3 MIN. 
Ro= 5-1M2=30 MIN. 
R3= 22M2=2HRS. 


29Vv 3V 
Ra: 44MQ=4 HRS. O— > 
R5= 1-5 KQ 27V ! 
Rg= 50 K2 re) 
R7= 5.1KN © TIME= HR. 
Ree 1.5K2 S2 SET TOR4 


* BOTENTIOMETER REQUIRED FOR INITIAL TIME SET 
TO PERMIT DEVICE INTERCONNECTING TIME VARIATION 
WITH TEMPERATURE < 0.3 %/°C. 


Fig.26 — Presettable analog. timer. 


equipment design is sufficiently flexible to 
tolerate a wide range of these parameters, it 
is recommended that the equipment designer 
begin his calculations with an [apc of 100 
MA, since the CA3094 is characterized at 
this value of amplifier bias current. 


The CA3094 is extremely versatile and can 
be used in a wide variety of applications. 
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CA3094, CA3094A, CA3094B Types 


, TYPICAL APPLICATIONS (Cont'd) 


IN A NON-INVERTING MODE 


AS A FOLLOWER 47 kN, 


Zo 


AS AN INVERTING OP-AMP © 


47KQ 


Eour Zo WHERE Eout= Ein 
Mae olin at = f (z=) DEPENDS ON THE 


*in SINGLE-ENDED OUTPUT OPERATION, THE CA3094 


CHARACTERISTICS OF Z; AND Zo MAY REQUIRE A PULL UP OR PULL DOWN RESISTOR CUBR EMT 
fa} tb) 92CS-20383R1 OR <r 
Fig.27 — Application of the CA3094: (a) as an inverting op-amp, and neue, Biatie aut 
(b) in a non-inverting mode, as a follower. 

Problem: To calculate the maximum value of R ; 

vt aiey S| required to switch a 100-mA output current Fig.31 — Current or voltage-controlled oscillator. 

comparator 

Given: 


~w18V 
= R =3.6M2 ~ 
laBc = SHA, Ragc = 3.6 5 LA 


2/3NI= SoS R _ : 
a putup !| = S500 nA @lagc= 100 YA (from Fig.4) 
VOLTAGE A | 1; = 5 UA can be determined by drawing a line on 
+1@—-— —- Fig.4 through |agc = 100 MA and Ip = 500 nA 


parallel to the typical Ta = 25°C curve. 
VOLTAGE AT TERMINAL 


Then: l)} = 33nA @lagpc=5 UA 
No.8 Eout R 18—12 volts: 0 
max = —33qQ = 180 MQ @ Ta=25°C 
Rmax = 180 MQ x 2/3" = 120 MQ@ 


nara Ta = —55°C 
92C$-20406R! * Ratio of Ij at Ta = +25°C to ly at Ta = —55°C 
for any given value of lage. 


Fig.28 — RC timer. 


TIME DELAY (SECONDS)*RC APPROX.co= 


92CS-20406 
° 
8 


Fig.32 — Single-supply astable multivibrator. 


92CS-20384 


At the end of the time constant determined by Cy, 


On a negative-going transient at input (A), a R71, R2, R3, the CA3094 will return to the ‘‘off’”’ 
negative pulse at C will turn ‘on’ the CA3094, state and the: output will be pulled low by 
and the output (E) will go from a low to a high RLOAD. This condition will be independent of O ouTPut 
level. the interval when input A .eturns to a high level. 


Fig.29 — RC timer triggered by external negative pulse. 


IF Ro =3.08R), 


a 
touT* RE 
92CS-20290 


Fig.33 — Dual-supply astable multivibrator. 


LINE 


TIME CONSTANT 1t & RCxi20 


\ 
° TRADEMARK PULSE WIOTH = wiK —7 


92CS- 20407 
E.I. DUPONT DE NEMOURS 


Fig.30 — Free-running pulse generator. 
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CA3094, CA3094A, CA3094B Types 


TYPICAL APPLICATIONS (Cont'd) 


+15V 


300 K2Q 


+ THRESHOLD = 


Ry 
Ag SUPPL a as 
* QoutTPut 
inpur 


100 kK 
# RiR2 


Ry Ra 


(a) DUAL SUPPLY 


UPPER THRESHOLD = vt 
Sv) 
Ro 
Fed emcee ree 
v* || (Ar Ro 
R, +Ro/ ? 2«Qa 
INPUT 
ouTPUT 


LOWER THRESHOLD: 
(& 5 | 
: R,+Rpy 


Ry Rp 
(eae) +Rg 


100 KN 


9208-20558 
(b) SINGLE SUPPLY 


Fig.34 — Comparators (threshold detectors) —dual- 
and single-supply types. 
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Fig.35 — Temperature controller. 


MAX IouT?+!00 mA 
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003 pF 
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*V+TINPUT RANGE =19 TO 30 V 
FOR IS V OUTPUT nO es 
4 eV INPUT RANGE = —16 TO-30 V cs 


FOR-I5 V OUTPUT ° 
ld aL REGULATION: 


MAX. LINE = 4 Vout 
[Your (INITIAL) 4ViN 


MAX.LOAD = Vout 
Vout (INITIAL) 


x100=0.075%/V 


*100=0.075 % Vout 
(I, FROM! TO 50 mA) 
92CM ~ 20560 


Fig.36 — Dual-voltage tracking regulator. 
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BREAKER 
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SOLENOID 


DIFFERENTIAL 
CURRENT 
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60 mV SIGNAL 


OF UNBALANCE 


1K 
Nones: 0.00! uF 


1. ALL RESISTORS IN OHMS, 1/2 WATT, +10% 5. INPUT IMPEDANCE FROM 2103 
2.RC SELECTED FOR 34b POINT AT EQUALS 800 K. 
z 


3 Co=AC BY-PASS 
4 OFFSET ADJ INCLUDED IN Rtpip 


6. WITH NO INPUT SIGNAL TERM- 
INAL 8 (OUTPUT) AT + 36 VOLTS 


2 


CUIT TRIPS ON POSITIVE 
AKS-WILL SWITCH WITHIN 
CYCLES 


m 


Cc 
P 
i. 


ee 


___ VOLTAGE BETWEEN 
TERMINALS 2&4 


___ VOLTAGE BETWEEN 
TERMINALS 3&4 
{ADJUSTABLE WITH 
Rrrip) 


60 mv 
TYPICAL 


Nested: FAULT 
SIGNAL 60OHz 


VOLTS 


te~7mO— 


92CM-20559 


Fig.37 — Ground fault interrupter (GFI) and 


waveform pertinent to ground fault 
detector. 
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CA3094, CA3094A, CA3094B Types 


REBLE 


TREE - Dg INS391 

0.12 "soos" "ur 08 ve 

oF (cw) ska ccm OM 6208. vt 
120V 
682 60 Hr 

0.001 pF 
= 000! pF STANCOR 

NO P-8609 


0 OR EQUIVALENT 
4 (120V AC TO 26.8VCT AT 1A) 


* OPTIONAL THERMAL 
COMPENSATION NETWORK 


VOLUME K O47n 822 
RCA 
ins 40980 INS391 
2 UN Ro 
I. 
THERMAL COMPENSATION oa 4 
NETWORK af . 


FOR STANDARD INPUT: SHORT Ca: R, 250 KN 
Cy =O.047 pF, REMOVE Ro 


INPUT Cj 


oe FOR CERAMIC CARTRIDGE INPUT: C) 00047 pF 
2 2 R)=2.5M2,REMOVE JUMPER FROM Co. LEAVE Ro 
wFo oka 0.47 pF 


Ca 
| T" 4 fF oy 
ue ahah Rd cen OKa JUMPER 92CM- 20825 


TYPICAL PERFORMANCE DATA 
For 12-W Audio Amplifier Circuit 


Power Output (8M load, Tone Control! set at ‘’Flat’’) 
Music (at 5% THO, regulated supply) .................. 
Continuous (at 0.2% IMD, 60 Hz & 2 kHz mixed ina 4:1 ratio, 
unregulated supply) See Fig?8 In ICAN-6048........... 12 
Total Harrnonic Distoration 


At 1 W, unregulated supply ..........0...0.0... 000.0. 0.05 % 
At 12 W, unregulated supply... ........0.00..0000... 0.57 % 
Voltage Gand airs acco debs Cah oR EEE A od bh elk BAA OS 40 dB 
Hum and Noise (Below continuous Power Output)............ 83 dB 
Input Resistance ........0....0..0 0000000004 250 kQ 


Tone Control! Range ..............2.....04. See Fig. 9 In ICAN-6048 


Fig.38 — 12-watt amplifier circuit featuring true complementary-symmetry 
output stage with CA3094 in driver stage. 
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Super-Beta Transistor Array 


Differential Cascode Amplifier Plus 3 Independent Transistors 


RCA-CA3095E is a monolithic array of transistors con- 
nected as a super-beta differential cascode amplifier with 
three independent n-p-n transistors. (Refer to Fig. 1 for 
following description.) 

The differential cascode amplifier incorporates two cascode 
amplifiers consisting of transistors Q1, Q3 and Q2, Q4, 
respectively, plus a voltage-limiting circuit, consisting of 
diodes D1, D2 and p-n-p transistor Q5. Two of these 
transistors, Q1 and Q2, are super-beta types that have an 
hFE > 1000 and are capable of operating over a wide current 
range of 1 uA to 2 mA. Each of these types comprises the 
input section of its respective cascode amplifier. The output 
section of each cascode amplifier employs a conventional 
n-p-n transistor, Q3, Q4, respectively. The output signal is 
obtained at the collectors of these transistors. See Operating 
Considerations for bias considerations of the differential 
cascode amplifier. 


MAXIMUM RATINGS, Abso/ute-Maximum Values at Ta = 25 °c 


Power Dissipation: 


Any One Transistor ..............-. 300 mW 
Total Package— 
Upto2s. Cm icianwen ness dev: 750 mW 
Above 25°C ....... derate linearly 6.67 mw/°C 
Ambient Temperature Range: 
Operating .........-. 0.020.202 eee —55 to +125 °C 
Storage —55 to +150 “C 
Lead Temperature (During Soldering): 
At distance not iess than 1/32” (0.79 mm) 3 
from case for 10 seconds max. .......-. +265 Cc 
Voltage and Current Ratings Apply for Each 
Specified Transistor: 
Super-Beta Transistors (Q1, Q2)— 
Collector-to-Base Voltage (Vcgo) ...... 6 Vv 
Emitter-to-Base Voltage (VEgoO) ..-.... 6 Vv 
Collector-to-Substrate Voltage (Vcjo)*. . 45 Vv 
Collector Current (ic) ............--. 50 mA 
Base Current (Ig) .........-.-..-0-. 20 mA 


STATIC CHARACTERISTICS 


The exceptionally high-beta characteristics of Q1 and Q2, 
plus the large signal-voltage swing capability of Q3 and Q4, 
make the composite differential cascode amplifier an excel- 
lent choice for a broad range of small-signal, high-input- 
impedance amplifier applications including low-noise video 
amplifiers. This amplifier is also recommended for use in 
long-interval timers, oscillators, and long-duration one-shot 
applications. 

The independent transistors, Q6, Q7 and Q8, are high-voltage 
silicon n-p-n conventional types for general use in signal 
processing systems in the frequency range from dc through 
vhf. Separate terminals for each of these transistors permit 
maximum flexibility in circuit design. 


The CA3095E is supplied in a 16-lead dual-in-line plastic 
package and operates over the ambient temperature range of 
—55°C to +125°C 


Conventional N-P-N Transistors (Q3, 04, Q6, 


Q7, Q8)— 
Collector-to-Base Voltage (Vcgo) ...... 45 Vv 
Collector-to-Emitter Voltage (VcEQ) ... 35 Vv 
Emitter-to-Base Voltage (VeEgo) ....... 6 Vv 
Collector-to-Substrate Voltage (Vcjg)*. . 45 Vv 
Colfector Current (Ic)... 2.2.2.2... 50 mA 
Base Current (Ip) .............2..... 20 mA 
Conventional P-N-P Transistor (Q5)— - 
Coliector-to-Base Voltage (VcRO) ..... —45 Vv 
Collector-to-Emitter Voltage (VcEQ) ... —35 Vv 
Limiting Circuit Current (Ipin 11) «2.2... 20 mA 


* The collector of each transistor is isolated from the substrate by 
an integral diode. The substrate must be connected to a voltage 
which is more negative than any collector voltage in order to 
maintain isolation between transistors and provide normal transistor 
action. To avoid undesired coupling between transistors, the 
substrate terminal should be maintained at either dc or signal (ac) 
ground. A suitable bypass capacitor can be used to establish a signal 
ground. 


Characteristics 


Characteristics Apply for Each Super-Beta Cascode Amplifier Transistor 
Pair (Q1, Q3) and (Q2, Q4), Unless Indicated Otherwise 


Collector-to-Base Breakdown Voltage 


Ile = 100 nA, Ic = 0 


Ic = 10 uA, le =O See Note 1 


Term. 9 to 8 or 
Term. 7 to 8 


Collector-to-Substrate Breakdown Voltage Vipricio| ici = 100 uA, ig =l— = 0 


Collector Cutoff Current 


OC Forward-Current Transfer Ratio 


Base-to-Emitter Voltage 
(Applies only to Q1 & Q2) 


V(BR)CBO 
Emitter-to-Base Breakdown Voltage Vv 
(Applies only to Q1 & Q2) (BR)EBO 
FE 
VBE 
Vsat 


V6_8 or V19--g = 10 V, 144 = 100KuA 
Ree = 100 MQ2 


ao 
jo} 
° 


; Ig or lyQ = 1 MA, $44 = 100 uA, 
Saturation Voltage | Vsot | 17 or lg = 100 pA 


For Cascode Amplifiers as a Differential Matched Pair 
Magnitude of Input-Offset Voitage 
Magnitude of Input-Offset Current 


Magnitude of Input-Offset Voltage Drift 
(Temp. Coeff.) 


Magnitude of Input-Offset Current Drift 
(Temp. Coeff.} 


I¢ = 100 pA 
V6.-8= V10-8=5V 


Ww 
w 


o 
fo) 
a 


N 


Note 1: Terminal No. 9 to terminais 10 and 11 connected or terminal No. 7 to terminals 6 and 11 connected. 


CA3095E 


Features 


® Two super-beta n-p-n transistors — h-e > 1000 
@ Voltage-limiting circuitry (D1, D2, Q5) 
® Operation possible at |jp down to << 1nA 
® Matched pair (Q1 and Q2) — 
Vio = 5 mV max. at Ic = 100 WA de 
139 = 20 nA max. at Ic = 100 vA de 
= Wide current range —<1uAto2mA 


Independent Transistors: 


hFE = 300 typ. for each transistor 

™ Wide current range —< 1 uAto 10 mA 
= Matched general-purpose transistors 

® High voltage — VcRo = 45 V max. 


Applications 

Differential Cascode Amplifier: 
Super-beta pre-amplifier for op-amp 
High-impedance dc meter amplifier 
Low-noise video amplifier 

Piezoelectric transducer amplifier 
Long-interval timer 

Long-duration one-shot multivibrator 
Comparator with high-input impedance 
Long-time-constant integrator 
Photocell amplifier 

Low-noise amplifier—for operation from high-source 


impedances 
Independent Transistors: 


® General use in signal processing systems in dc through vhf range 


(2) ) 
(4) 97 © Qe 
(3) (3 


NOTE: SHADED TRANSISTORS ARE 
SUPER BETA TYPES 


(5) SUBSTRATE 
92CS- 20350 


Fig.1—Functional diagram. 


Test Circuits for Measurement of Super-Beta 


Cascode Amplifier Characteristics 


VOLTAGE 
LIMITING , 
NETWORK 


* SEE FIG 27 “gees 20351 


Fig.2—-V/(BRICBO test Circuit. 


OvV=-3V 


Icer 
MICRO- 
AMMETER 


VOLTAGE 
rs 
(S)—_{8) 


Ve-l0 V 
92CS-20352 


* SEE FIG. 27 


Fig.3-IogeR test circuit 
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CA3095E 


STATIC CHARACTERISTICS (Cont'd) 


Characteristics 


icy = 100 HA, Ig =te =0 


VceE=5V 


tc = 1mMA, VcE = BV 
Ic = 10 mA, 1g =1mA 


Dynamic Characteristics 


Characteristics Symbol 


Characteristics Apply for Each Super-Beta Cascode Amplifier Transistor 
Pair (Q1, Q3), Unless tndicated Otherwise 


Gain-Bandwidth Product 


1c = 5 uA, f = 10 Hz 


V6—7= Vi0o-9=5V, le= 0 


* Curve plotted for Ice characteristic. 
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PIN 10-TO-PIN 8 VOLTAGE (Vio-g)* 5V 


2000 


PIN 6 - TO- PIN VOLTAGE (Ve_g) = 5V OR a 


9° 
@ 


o 
a 


Ltt | 
ie 
TH 


BASE -TO- EMITTER VOLTAGE (Va¢) — V 


w 
a. 
= 
g 
- 
< 
4 
4 
tat 
we 
a 
z 
< 
4 
be 
- 
=z 
ut 
§ 
o 
' 
Qo 
= 
= 
& 
o 
rs 
Qo 
a 


2. 4 68 2 4 68 68 8 4 
! ite) 100 1000 10,000 | 10 100 1000 10000 


Fig.7—hFE vs. Ic for each super-beta cascode 
amplifier transistor pair (Q1, Q3) and 
(Q2, Q4). 


Fig.8—Vpe vs. Ic for each super-beta tran- 
sistor (Q1 and Q2). 


Test Circuits for Measurement of Super-Beta 


Cascode Amplifier Characteristics | 


* SEE FIG 27 
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Fig.5— Vege test circuit for super-beta cascode pairs, 
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Fig.6—Collector cut-off current vs ambient — 
temperature for super-beta cascode 
pairs. 
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Fig.9-VCE(sat) vs. Ic for each super-beta 
cascode amplifier transistor pair (Q7, 
Q3) and (Q2, Q4). 
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Fig.10—I-V characteristics for the super-beta Fig.11—I-V characteristics for the super-beta 9208-20310 
cascode pairs. cascode pairs. 


Fig. 12—Collector cutoff current vs ambient 
temperature for the conventional 
transistors (Vog = 5 V, 10 V). 
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Fig.13—Collector cutoff current vs ambient j i 
temperature for the conventional Fig. 14-hre Ws. Ic for each conventional Fig.15—Vagg asa function of collector current 
transistor (Q6, Q7, Q8). for the conventional transistors. 


transistors Vog =§ V, 10 V, 18 V). 


OC FORWARD CURRENT PIN 6-TO-PIN 8 VOLTAGE (Vg_g)5V OR 
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current for the conventional current for the super-beta cascode amplifier transistor pair (Q1, Q3) and 
transistors. pairs. (Q2, Q4). 


NOISE VOLTAGE (Eq)— AV/A/HZ 


OUTPUT COLLECTOR-TO-INPUT BASE 
CAPACITANCE (CcBg)— pF 
COLLECTOR-TO- SUBSTRATE CAPACITANCE 


10 * (000 19900 5 15 ) 5 10 1S 
saat (f)—Hz COLLECTOR -TO-BASE VOLTAGE (Vcpo)—V COLLECTOR-TO-SUBSTRATE VOLTAGE (VeyoI— ¥ 
92CS ~ 20363 : 92CS- 20365 92C$-20366 
Fig. 19-Ey, vs. f for each super-beta cascode Fig.20—Cog vs. Vego for each super-beta Fig.21—-Ccy vs. Vcio for each super-beta 
amplifier transistor pair (Q1, Q3) and cascode amplifier transistor pair (Q1, cascode amplifier transistor pair (Q1, 
(Q2, 04). Q3) and (Q2, Q4). Q3) and (Q2, Q4). 
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Fig.22-Gain bandwidth product vs collector 


current for the conventional 
transistors. 
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Fig.23—Noise voltage vs frequency for the 
conventional transistors. 
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Fig.24—Ip vs. f for each conventional tran- 
sistor (Q6, Q7, Q8&). 
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Fig.25—Collector-to-base and emitter-to-base 
capacitances vs bias voltage for the 
conventional transistors. 


Operating Considerations 


Operation Considerations for the Super-Beta Differential 
Cascode Amplifier 


An internal voltage-limiting network (diodes D1, D2 and 
p-n-p transistor Q5) incorporated in the differential cas- 
code amplifier, assures that the applied collector-to-emitter 
voltage of each super-beta unit is maintained below two 
volts. Fig. 27 shows a typical bias arrangement of the 
super-beta differential cascode amplifier. 


Bias current for this network must be supplied by an 
external source. This bias current can be obtained by 
simply connecting a resistor from Pin 11 to the positive 
supply of the differential amplifier. The return path for 
most of the bias current is through the substrate, Pin 5, 
rather than through the common emitter, Pin 8. This 
arrangement provides superior common-mode and power- 
supply rejection. As a general rule-of-thumb, the current 
supplied into Pin 11 should be approximately 0.04 to 0.1 
times the value of the quiescent current of Pin 8. 
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BIAS VOLTAGE—V 
92CS ~20370 


Fig.26—Collector-to-substrate capacitance vs bias voltage 


TYPICAL APPLICATIONS 


92CS$-—20371 


Fig.27— Bias arrangement for operation of the super-beta 
differential cascode amplifier. 


for the conventional transistors. 
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Fig.28—Super-beta Op-Amp with diode drive network, 


Ov =-15 v 
* SEE FIG. 27 


Fig.29—Super-beta Op-Amp with resistor drive network. 
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* SEE FIG 27 
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Fig.32—Long-delay monostable multivibrator circuit. 
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Fig. 34—CA3095E wideband amplifier. 
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TYPICAL APPLICATIONS (Cont'd) 
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Fig. 30—High-input-impedance, low-noise amplifier circuit. 
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Fig.31—Typical high-input-impedance dc voltmeter circuit, 
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Fig.33—Low input-bias current comparator circuit. 


4 6 8103 2 4 6 8154 2 4 6 B95 


Y (f)— 
FREQUENCY (f)—Hz suceraase 


Fig.35— Equivalent input noise voltage vs. frequency 
for circuit of figure 34. 
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CA3096, CA3096A, CA3096C 
N-P-N/P-N-P Transistor-Array 


Five-Independent Tran sistors: Three n-p-n and Two p-n-p 


RCA-CA3096CE, CA3096E, and CA3096AE 
are general-purpose high-voltage silicon tran- 
sistor arrays. Each array consists of five 
independent transistors (two p-n-p and three 
n-p-n types) on a common substrate, which 
has a separate connection. Independent con- 
nections for each transistor permit maximum 
‘flexibility in circuit design. 


Types CA3096AE, CASO9GE, and CA3096CE 
are identical, except that the CA3096AE 
specifications include parameter matching 
and greater stringency in Icgo, IcEo, and 
Vcp(SAT). The CA3096CE is a relaxed 
version of the CA3096E. 


The CA3096CE, CA3096E, and CA3096AE 


are supplied in 16-lead dual-in-line plastic 


packages. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


COLLECTOR-TO-EMITTER VOLTAGE, Vcggo: 
CA3096AE,CA3096E . . ..... . 
CA3096CE ere Se, Ge er ek 

COLLECTOR-TO-BASE VOLTAGE, Vego: 
CA3096AE,CA3096E..... . 
CA3096CE LD a, ae Gola eee 

COLLECTOR-TO-SUBSTRATE VOLTAGE, Vaj¢: 
CA3096AE,CA3S096E . ...... , 
CA3096CE eo ee oe oe NG 

EMITTER-TO-SUBSTRATE VOLTAGE, Vejo: 
CA3096AE,CA3096E .. .. ... . 
CA3096CE ea? eA A 

EMITTER-TO-BASE VOLTAGE, VegO: 
CA3096E,CA3096E ..... 
CA3096CE oe. i a oe 

COLLECTOR CURRENT, Ic (All Types) 

POWER DISSIPATION, Pp: 

Up to Ty = 55 C: 

Device (Total) 

Each Transistor . te ve 
Above Ta = 55 C derate linearly at 

AMBIENT-TEMPERATURE RANGE, Ta: 
Operating. . . . . 2. . .. 

Storage . 2... wee 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 0.79 mm) 
from case for 10s max. 
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92CS- 20309 
Fig. 1 — Base-to-emitter zener characteristic 
(n-p-n). 
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EACH EACH 
N-P-N P-N-P 
35 —40 V 
24 —24 V 
45 —40 V 
30 —24 V 
45 _ V 
30 = V 
us —40 V 
de —24 V 
6 —40 V 
6 —24 V 
50 —10 mA 
750 mW 
200 mW 
6.67 mw/°C 


—55 to +125°C 
—65 to +150°C 


265°C 


COLLECTOR CUT-OFF CURRENT (IcEQ) —pA 


TEMPERATURE— °C 


92CS8~-20310 


Fig. 2 — Collector cut-off current (cEQ! asa 
function of temperature (n-p-n). 


Applica tions: 


&@ Differential Amplifiers 
® DC Amplifiers 

= Sense Amplifiers 

= Level Shifters 

= Timers 

™ Lamp and Relay Drivers 


® Thyristor Firing Circuits 
= Temperature-Compensated Amplifiers 


® Operational Amplifiers 


iS)” 1). RO) 
Q, G) Qo (8) Qsz (1) Qq (14) Qs 
1 © © © @ 


Orb 


= 92CS-20308 


Schematic Diagram 


CA3096AE, CA3096E, CA3096CE 
ESSENTIAL DIFFERENCES 
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CA3096, CA3096A, CA3096C 


STATIC ELECTRICAL CHARACTERISTICS at Tg = 25°C 
For Equipment Design 


LIMITS 


ve. | wox[ win] Tye. | Mex] Min] Typ. [Max 


0.001 


For Each n-p-n Transistor 


| Vcp=10V, 

Ie =0 

| VcEe=10V, 
Ip =0 
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Fig. 3 — Collector cut-off current (logo! asa 
function of temperature {n-p-n). 
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Fig. 4 — Transistor (n-p-n) hg as a function of 
collector current. 
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COLLECTOR CURRENT (I¢)—mA - 100 92cS- 20315 
: 92CS- 20313 TEMPERATURE —*C ; 92CS~20314 Fig. 7- VoglsA T) (n-p-n) asa function of col- 
Fig. § — Veg (n-p-n) as a function of collector Fig. 6 — Vge (n-p-n) as a function of tempera- lector current 
current. ture. 
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STATIC ELECTRICAL CHARACTERISTICS at T, = 25°C (Cont‘d) 
For Equipment Design 


LIMITS 


~ énaosece [units 
wine. | mex[in] Te. [ wx] win] Ty. [en 
For Each p-n-p Transistor : 


ViBRICEO|!c = -100uA, —75 -40| -75 24] -30 -V 
lo = 
ViBR)CBO|!c = —10HA, = V 
V(BR)EBO|!'E = 10H 
Ic =0 
ViBR)EIO |'e1 = 10HA, | -40 
Ip = Ic =0 
VCE(SAT) JIC = —1mA,, 
Ip=—-100nu 


mE = 


VBE 

hee _—— 

[AVeg /AT| Ic = —100 yA, 2.2 2.2 
B= ov 


TERISTIC |CONDITIONS 


COLLECTOR CUT-OFF CURRENT (Ic¢gg)— pA 


m 
i) 


TEMPERATURE —°C sepetags® 


Fig. 8 — Collector cut-off current (logo) as a 
function of temperature (p-n-p). 
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Fig. 9 ~ Collector cut-off current (logo) as a 
function of temperature (p-n-p). 
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OC FORWARD-CURRENT TRANSFER RATIO (hee) 


STATIC ELECTRICAL CHARACTERISTICS at T, = 25 C (CA3096AE Only) 


For Equipment Design oo G1) Pe ne 10 


- COLLECTOR CURRENT (Ip )}—ma 92cS- 20319 
. TEST LIMITS Fig. 10 — Transistor (p-n-p) hg as a function 
CHARACTERISTIC . CONDITIONS CA3096AE UNITS of collector current. 


| Min. JTyp. [Max. 


[es] [ae 
[= oor] a [x 


For Transistors Q1 and Q2 (as a Differential Amplifier) ice ladies Sh: 


Absolute Input Offset Voltage, [Vio 


Absolute Input Offset Voltage IAVio! 
Temperature Coefficient, AT 


F 
Absolute Input Offset Voltage, Vio! 


OC FORWARD-CURRENT TRANSFER RATIO ( heg) 


0 60 


20 4 
TEMPERATURE — °C 


Absolute Input Offset Voltage IAViol 9208-20320 


Temperature Coefficient, AT Fig. 11 — Transistor (p-n-p) hrg as a function 
of temperature. 
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DYNAMIC 
ELECTRICAL CHARACTERISTICS at T, = 25°C 
Typical Values Intended Only for Design Guidance 


TYPICAL 
CHARACTERISTICS TEST CONDITIONS VALUES 


For Each n-p-n Transistor 


; . f= 1kHz, Veg =5V, 
Noise Figure (low frequency), NF lo = 1mA, Rg= 1kQ 


Low-Frequency, Input Resistance, R; f= 1.0kHz, Vcg =5V, 
Low-Frequency Output Resistance, R, Ic=1mA 
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bad 
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Admittance Characteristics: 


Forward Transfer Admittance, mmho 


—j13 


f= 1MHz, VcE= 5V, 
mmho 


© 
SN 
o>) 


oN 


mmho 


VceE=5V,le=1.0mA] 280 


335 


Gain-Bandwidth Product, fr 


For Each p-n-p Transistor 


Noise Figure (low frequency), NF 


Low-Frequency Input Resistance, R; 


Low-Frequency Output Resistance, Ry 


f=1kHz,Vce=5V, 27 
Ic = 100 WA 


Gain-Bandwidth Product, fr VCE =5V, Ic =.100 yA 
Emitter-to-Base Capacitance, Ceg Veg a3 Vv 
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COLLECTOR CURRENT (Ig) —ma 

Fig. 15 — Magnitude of input offset voltage 
Viol as a function of collector 
current for p-n-p transistor Q4-Q5 


92CS-20324 FREQUENCY (f)-—— kHz 


cy for n-p-n transistors. 
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Fig. 16 — Noise figure as a function of frequen- 


CA3096, CA3096A, CA3096C 
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Fig. 12 — Vpe (p-n-p) as a function of collector 
- current. 
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Fig. 13 — Vee (p-n-p) as a function of tempera- 
ture. 
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Fig. 14 — Magnitude of input offset voltage 
Viol asa function of collector. 


current for n-p-n transistor Q7—Qo. 
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Fig. 17 — Noise figure as a function of frequen- 
cy for n-p-n transistors. 
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CA3096, CA3096A, CA3096C 
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FREQUENCY (f) — KHz 92CS-20327 


Fig. 18 — Noise as a function of frequency for 
n-p-n transistors. 
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Fig. 21 — Capacitance as a function of bias 
voltage (n-p-n). 
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Fig. 24 — Forward transconductance as a 
function of frequency. 
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Fig. 27 — Noise figure as a function of frequen- 
cy (p-n-p). 
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Fig. 19 — Noise figure as a function of frequen- 
cy for n-p-n transistors. 
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Fig. 22 — Input resistance as a fuhction of 
collector current. 
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Fig. 25 — Input admittance as a function of 


frequency. 
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Fig. 28 — Noise figure as a function of frequen- 
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Fig. 20 — Gain-bandwidth product as a function 


of collector current (n-p-n). 
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Fig. 23 — Output resistance as a function of 
collector current. 
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Fig. 26 — Output admittance as a function of 
frequency. 
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Fig. 29 — Noise figure as a function of frequen- 


cy (p-n-p). 
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TIME DELAY CHANGES + 7% 
FOR SUPPLY VOLTAGE CHANGE OF +10% 


COLLECTOR-TO-EMITTER VOLTAGE (Vcg) = 5V 
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Fig. 30 — Gain-bandwidth product asa function 
of collector current (p-n-p). 
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Fig. 35 — One-minute timer using CA3096AE 
and a MOS/FET. 
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Fig. 31 — Capacitance as a function of bias 
voltage (p-n-p). 
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Fig. 32 — Frequency comparator using 
CA3096E. 
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Fig. 36 — CA3096AE small-signal zero-voltage detector having noise immunity. 
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Fig. 37 — Ten-second timer operated form 1.5-volt 


supply using CA3096E. 
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Fig. 38 — Gain-frequency characteristics. 
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CA3096, CA3096A, CA3096C 


+6V 


1% Features: 


1..Can be operated with either dual 
supply or single supply. 

2. Wide-input common-mode range 

eee +5 Vto—5V. 


3. Low bias current: <1 MA. 


92CS ~ 20347 


Fig. 39 — Cascade of differential amplifiers using CA3096AE. 
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CA3096CH 

The photographs and dimensions represent a chip 
when it is part of the wafer. When the wafer is cut 
into chips, the cleavage angles are 57 instead of 
90° with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0.17 mm] 
larger in both dimensions. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10—%3 inch). 
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Thyristor/Transistor Array 


For Military, Commercial, and Industrial Applications 


RCA-CA3097E:° Thyristor/Transistor Array isa monolithic in- 
tegrated circuit that enables circuit designers to further inte- 
grate control systems. The CA3097E consists of five inde- 
pendent and completely isolated elements on one chip: an 
n-p-n transistor, a p-n-p/n-p-n transistor pair, a zener diode, 
a programmable unijunction transistor (PUT), and a sensitive- 
gate silicon controlled rectifier (SCR). 

The CA3097 is supplied in either the 16-lead dual-in-line 
plastic package (‘E’’ suffix) or the chip version (‘‘H’’ suffix), 
and operates over the full military-temperature range of 

—55 to +1259C. 


MAXIMUM RATINGS, Adsolute-Maximum Values at Ta = 25°C 


isolation Voltage, any terminal to substrate” .................. 


Dissipation, Total Package: 


Up torT gmbBOG: som ecec eit del cuemad teamed edanse eye 
Above Ta 55°C «vias ied demerger tod tbe cedetiwene ny 


Ambient Temperature Range: 


a 


Sy 


Includes: 

® Uncommitted n-p-n Transistor 

® Sensitive-Gate Silicon Controlled Rectifier 

8 Programmable Unijunction Transistor (PUT) 
® p-n-p/n-p-n Transistor Pair 

@ Zener Diode 

@ Separate Substrate Connection 


750 mW 


—55 to +1259°C 


Operating sa: a-uahace ate ele icaze va Weiss he iene eae % wh ied EA ch eats Dig Sy ak ahead a nd! leita ated Gus isleiae: oN) dee rane 
Stotage™ ack cu.tns Wawn4G-o 4s aera ect 4 Rene oe Palas setae es heehee ob Ses © eae CE RN ae eh eS —65 to +150°C 
Lead Temperature (During Soldering): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 seconds max. ............2-0-2202055 +265 °C 
Each n-p-n Transistor (Q3,05) 
The following ratings apply with terminals 6 & 9 connected together. 
Collector-to-Emitter Voltage (VcEO) - icing gcd nap eRe eases Siar hue eaten issn Gaandlal So te ard nadiasaniases aaa coke alba w Boa Wiese 30 V 
Collector-to-Base Voltage (Vogg) . 2... 6. eee eeeeeetenet eee e teen eee eenee 50 V 
Emitter-to-Base Voltage (Vego).-..... 6.6 eee ee eee Re Tee re ey Cerne ee ee a ere eee 5V 
Collector Currents GP ag. ease Soe Sa Sees EEG Ae STR Ge Gee eT aah Been edie to de Gigees 100 mA 
Base Current (lp) sc keke shat ots bee e ae PES eek ORE s Spades PEERS ood SORES Meee aga aes 20 mA 
Dissipation (Rg) as ews 0d Pawnee ewes OM AAES Cia dies Hae Gere Rees ere saredemeda ses 500 mw 
p-n-p Transistor (Q4) 
The following ratings apply with terminals 7 & 8 connected together. 
Collector-to-Emitter Voltage (VCE)... 0. ee ccc ccc enn tenner ete teen teem eee e set eteenenees —40V 
Collector-to-Base Voltage (Vg) = =. 6s edi ee ep eens tee oe Oe eee ead cecee ead eeane se ba es —50V 
Emitter-to-Base: Voltage (VER oO): eco: 6 cnte hes Mhes aed We Ses ee Eas Doge OAPe aa ye bees —40V 
Collector Current (felis: cnna ete tepent ea suie Ciba eee 13 FEC NER mae oe OMe aay dee aeelale ats —10mA 
Base Current eg) cocaine cine ee bie ts (eeeessa ces bones se fare eidie dads iterate estat aye nen wt huaedied lea : —3mA 
Dissipation (Py) cecaieeern nerd ku eae ee hie ee ete tye eew's coe eew ree Oneuiae darewe x sats 200 mW 
p-n-p/n-p-n Transistor Pair (Q3,04) 
Dissipation (Ppp) \isedae eee aoe ars eee es cc ig Ss pos SPR tale aredhre vatynvettes nya tas dire ied tala, aad oaard abso y 500 mW 
Programmable Unijunction Transistor, PUT (Q1) 
Gate-to-Cathode Positive Voltage (VGx). 0-6 e ee etn eee eee e tne eennees 30 V 
Gate-to-Cathode Negative Voltage (VGKR).. 0-06. eee een eee e eee e eee eee eneenes 5V 
Gate-to-Anode Negative Voltage (VGA) ...-.- 0. cee ccc eee teen eee e teen ee enees 30 V 
Anode-to-Cathode Voltage (Vag) . 6... cc cece een ete eee e een e ence eteeeenees +30 V 
DC Anode Current 4. t3cs ices din ews oo Oa S Wk oen ee a ale eink ER ba Ae BR Bhd ha oh we Sei 150 mA 
Peak Anode Non- Recurrent Forward (On-State) Current (10 us pulse)... eee ce ee ees 2A 
Total Average Dissipation ©... 0... cee een eee n eens neces ueeveenvaeevenues 300 mW 
Silicon Controlled Rectifier, SCR (Q2) 
Repetitive Peak Reverse Voltage (VaR yy), RG RG ct ain on eee @ aie nee eRe Awe eb eee ees 30 V 
Repetitive Peak Off-State Voltage (Vprxm). RGK = TKD... cece eee cece eee aee 30 V 
DC On-State Current OTE cae breds ues wba ener aete eg tt ag Mite Rhee le ake oe oe 150 mA 
Peak Surge (Non-Repetitive) On-State Current (10 us pulse) 2.0.00... ee cece cece eee neaeaees 2A 
Forward Peak Gate Current GRA oA tite t Sa wetiocme tells 222526 as Gpaet. aeea bre eoaelk 20 mA 
Peak Gate-to-Cathode Reverse Voltage WWGEBUAl si. orua ase ere etd ea eba es einen as EN ded eu wetiak 5V 
Total Average Dissipation 0.00.0... ccc cc ccc cece cence eee n ee teneenteeeunenveueeneaes 300 mW 
Zener Diode, (Z1) 
DG Current (So) a etencs tenon 955 watt Se adod ett tueedies idee vioed deny puke uaa ee ea yee Ganceaee 25mA 
DISSIBSCION AP Ey) eisai 65 aoa Bh toward ass Yee Rta OE gare Aven “ah are gt dardania ER na oa Se ea as oe 250 mW 


* One or more of the terminals of each element of the CA3097E is isolated from the substrate by a junction diode. In order to 
maintain electrical isolation between elements, the substrate terminal must be connected to a voltage which is no more posi- 
tive than that of any other terminal. To avoid undesirable coupling between elements, the substrate terminal (terminal 10) 


should be maintained at either dc or signal (ac) ground. 


CA3097E 


Features: 


Complete isolation between elements 

n-p-n transistor — VoggG = 30 V (min.) 

tc = 100 mA (max.) 

p-n-p/n-p-n transistor pair — beta 

2 8000 (typ.) @ Ic = 10 mA, individual p-n-p, n-p-n, 
or transistor pair operation 

Programmable unijunction transistor 

(PUT) — peak-point current = 15 nA 

(typ.) at Rg = 1 MQ; Vax = +30 V 

(PUT) Extremely long RC time constants 

with low value of external capacitor 
Sensitive-gate silicon controlled rectifier (SCR) — 
150 mA forward current (max.) 

Zener-diode impedance (Z7) = 152 

(typ.) at 10 mA 


Applications: 
@ Timers 


BASE -TO-EMITTER SATURATION VOLTAGE 


[Vag (sot)}—v 


Light dimmers/motor controls 
Oscillators 

“One-shot” multivibrators 
Voltage, regulators 
Comparators, Schmitt triggers 
Constant-current sources 
Amplifiers 

Logic circuits 

SCR triggering 

Pulse Circuits 

é 


SUBSTRATE 


92CS-21935 


Fig. 1 — Schematic diagram of CA3097E. 


TYPICAL CHARACTERISTICS 


| AMBIENT TEMPERATURE (Ta)=25°C 
FORCED-CURRENT TRANSFER RATIO (I¢/Ig)=10 
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Fig.2 — Base-to-emitter saturation voltage vs. collector current for 


n-p-n transistors Q3 & Q5. 
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Fig.3 — Base-to-emitter voltage vs. ambient temperature for n-p-n 


transistors Q3 & Q5. 
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CA3097E 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC SYMBOL TEST CONDITIONS 
Ambient Temperature 
(Ta) = 25°C 
Unless Otherwise Specified 
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a x a | e < < {5 


IcEO Vce = 10V, Ig=0 


BREAKDOWN VOLTAGE V(BR)CEO | Ic = 100nA, Ip = 0 A 
BREAKDOWN VOLTAGE V(BR)CBO | Ic = 100HA, te = 0 
COLLECTOR-TO-SUBSTRATE - : | 
BREAKDOWN VOLTAGE ViBR)ClO | Icy = 100uA, Ig = 0, Ip = 0 
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DC FORWARD-CURRENT ; 
TRANSFER RATIO FE 


n-p-n/p-n-p TRANSISTOR PAIR Q3,04 


DC FORWARD-CURRENT VcE (n-p-n) = 3V, Ic = 10MA 
TRANSFER RATIO Vce (n-p-n) = BV, Ig = 50m 


Vce=-3V.i¢= —100uUA 
Vce=—3V. !Ic= —1 mA 


DC FORWARD-CURRENT ; Voce = 3V, Ic = 10mA aA) | 130 | 

TRANSFER RATIO Ve = 3V, I¢ = 50mA | | 80 | 120] - | 

p-n-p TRANSISTOR 04 (TERMINALS 7 and 8 CONNECTED) 
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Fig.7 — Base-to-emitter saturation voltage vs. collector Fig.8 — Base-to-emitter voltage vs. ambient temperature for 


current for p-n-p transistor Q4. } p-n-p transistor Q4. 
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TYPICAL CHARACTERISTICS (CONT‘D) 


COLLECTOR-TO- EMITTER VOLTAGE (Vce)=3V 
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Fig.4 — DC forward-current transfer ratio vs. collector current 
for n-p-n transistors Q3 & Q5., 
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Fig.5 — Collector-to-emitter saturation voltage vs. collector 
for n-pn- transistors Q3 & QS. 
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Fig.6 — Collector-to-emitter saturation voltage vs. collector 
current for p-n-p transistor Q4. 
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TYPICAL DC FORWARD-CURRENT TRANSFER 
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Fig.9 — DC forward-current transfer ratio vs. collector current 
for p-n-p transistor Q4. 


ELECTRICAL CHARACTERISTICS (Cont’d.) 


CHARACTERISTIC 


SYMBOL 


TEST CONDITIONS 


Ambient Temperature 
(Ta) = 25°C 
Unless Otherwise Specified 


PROGRAMMABLE UNIJUNCTION TRANSISTOR (PUT), Q1 


OFFSET VOLTAGE 


ANODE-TO-CATHODE 
ON-STATE VOLTAGE 


PEAK OUTPUT VOLTAGE 


PEAK-POINT CURRENT 


VALLEY-POINT CURRENT 


OUTPUT PULSE RISE TIME 
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Vs=10V,RG=1MQ | 

te = 100mA 

C = 0.22uF 

Anode Supply Voltage = 20V 
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IgKs ay, To-Cathode Short, Vs, 
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SILICON CONTROLLED RECTIFIER (SCR), Q2 
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CRITICAL RATE-OF-RISE 
OF OFF-STATE VOLTAGE 
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TURN-OFF TIME 


ZENER DIODE, 21 
ZENER VOLTAGE 


ZENER IMPEDANCE 


ZENER VOLTAGE 
TEMPERATURE COEFFICIENT 
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* VT = Vp — Vs (Fig. 22) 
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Fig.13 — Peak output voltage vs. anode supply voltage for 
Q1 (PUT). 
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Fig.14 — Peak-point current vs. gate-source voltage and ambient 
temperature for Q1 (PUT). 
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TYPICAL CHARACTERISTICS (CONT'D) 
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Fig. 10 — DC forward-current transfer ratio vs. collector current 
for transistor pair Q3, Q4. 
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Fig.11 — Offset voltage vs. ambient temperature for Q! (PUT). 


AMBIENT TEMPERATURE (Ta)=25°C 
GATE ~TO-SOURCE VOLTAGE (Vs)=10V 
EQUIVALENT GATE RESISTANCE (Rg)= 1 MQ 


ANODE -TO-CATHODE ON-STATE VOLTAGE (Ve)— V 


2 4 68 
4 6 Bigg 


ANODE-TO-CATHODE ON-STATE CURRENT (I¢)—mA 
92CS-21912 


2 4°68 2 4684 2 


Fig.12 — Anode-to-cathode on-state voltage vs. anode-to-cathode 
on-state current for Qt (PUT). 
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edt iia 
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VALLEY -POINT CURRENT (Iyl—pa 


fe) 5 10 {5 20 25 30 
EQUIVALENT GATE-SOURCE VOLTAGE (Vg)— Vv 
32CS- 21915 


Fig.15 — Valley-point current vs. gate-source voltage for 
OQ? (PUT). 
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Fig.16 — Valley-point current vs. gate-source voltage 
for Q1 (PUT). 


REPETITIVE PEAK OFF-STATE VOLTAGE (V;_)#10 V 
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oT 
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Fig. 19 — Gate-trigger voltage vs. ambient temperature for 
Q2 (SCA). 


1. Composite p-n-p/n-p-n Transistors Q3, 4 (See Fig. 3) 


To use Q3 as an individual n-p-n transistor, join terminals 
no. 6 and no. 9 to disable p-n-p transistor Q4. 


The appropriate terminal connections are then: 


Collector........... terminal 9 
Basee. teeta: terminal 7 
Emitter... 0.2.0.0... terminal 8 


To use Q4 as an individual p-n-p transistor, join terminals 
no. 7 and no. 8 to disable n-p-n transistor Q3. 


The appropriate terminal connections are then: 


Collector........... terminal 7 
Base eee Se eas terminal 6 
Emitter............ terminal 9 


To use Q3 and QO4 as a composite use terminals 6, 7, 8, and 
9 as required. 


2. Programmable Unijunction Transistor Q1 (PUT) 


The programmable unijunction transistor is essentially an 
anode-gate SCR. The volt-ampere characteristic of the de- 
vice is shown in Fig. 22. When an equivalent Thevenin source 
(Vs, Rag), as shown in Fig. 22, is applied to the gate terminal 
the device will be ‘off’ if the anode-voltage is negative with 
respect to the gate voltage. Under this condition, any current 
flow is exclusively leakage current. When the anode voltage be- 


comes more positive than the gate voltage by an increment 


equa! to the threshold voltage (V7 = 0.4 V typ.), the device - 


can turn “on” only if the current available at the anode termi- 
nal is greater than the specified peak-point current. The PUT 
will then switch through its negative-resistance region to the 
“on” state (low anode-to-gate voltage). It should be noted 
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TYPICAL CHARACTERISTICS (CONT'D) 


VALLEY - POINT CURRENT (Iy)— yA 


7 


~ ss “50 25.0 25 50 75 100 125 
AMBIENT TEMPERATURE {Tal—°Cc 
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Fig.17 — Valley-point current vs. ambient temperature for 
Q? (PUT). 
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Fig.20 — Typical DC holding current vs. gate-to-cathode 
resistance for Q2 (SCR). 


OPERATING CONSIDERATIONS FOR CA3097E 


that Ip is not the maximum current allowed through the 
device, but is the current required at the peak of the V-I 
curve. Ip is typically a very low value of current. 


After the PUT has switched to its low-impedance state, the 
device will remain ‘‘on’”’ if the anode-current (lA) exceeds 
the valley-point current (ly). If la<ly, the PUT will switch 
back to its high-impedance “‘off” state. Thus, the PUT can be 
made to “‘latch” or recover, depending on ly. Since ly is a 
function of the ‘‘on’’-state gate current (which depends on 
RG and Vs) a choice of RG and/or Vs will determine the 
operating mode, i.e., ‘‘off’’ state>‘‘on” state or “off” state 
> "on" state > “off’’ state. The value of ly increases di- 
rectly as a function of VG and inversely with Rg. The PUT 
in the CA3097E has a low Ip....... Ip = 15 nA at Vg = 10 V, 
Rg = 1 MS. This low valye of Ip indicates that an extremely 
large value of anode-supply resistor, e.g. 60 MY2 (typ.), can be 
used in timing circuits requiring long RC time constants. This 
becomes important when considering the size of the external 


timing capacitor to be used. Consequently, the use of the PUT 
in the CA3097E is advantageous since it has a lower Ip than 
most discrete PUT’s. 

Temperature Compensation of Switching Point 


As described previously, the PUT will switch to its low- 
impedance state when its anode voltage is approximately a 
diode-drop above the gate voltage. Since the anode-to-gate 
threshold voltage vs. temperature characteristic is similar to 


that of a typical silicon-diode junction, a compensating series . 


diode such as used in the circuit of Fig. 29 (Z1 connected as 
forward-biased diode) considerably reduces the effect of tem- 
perature on the switching point. 
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OOOay AMBIENT TEMPERATURE (Ta)*25°C 


rN 
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FORWARD DC ON-STATE CURRENT (I7)—mA 


FORWARD OC ON-STATE VOLTAGE (V7) — V 
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Fig.18 — Forward DC on-state current vs. on-state voltage for 
Q2 (SCR). 
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Fig.21 — Zener voltage vs. zener current for 21. 


Bypassing Anode Current 

If the PUT gate equivalent source is such that |a>ly, the 
PUT will remain “on”. A method for turning the PUT off is 
by shunting current away from the anode until la<ly. An 
example of this technique is the oscillator circuit of Fig. 29. 
Q3 transistor is turned ‘“‘on”’ after the PUT fires and shunts cur- 
rent away from the anode, thereby forcing |a<iy. The PUT 
then turns “‘‘off’’ allowing Cr to recharge through RT, to re- 
peat the cycle. 


Protecting The PUT Against Discharge Current Of The Capacitor 


A current-limiting resistor in series with the PUT is normally 
required to dissipate capacitive discharge energy (see Figs. 23 
and 29). 


Silicon Controlled Rectifier, Q2 (SCR) 


The SCR should be used with a 1 kQQ (or less) resistor con- 
nected between the cathode and gate terminals if the SCR is 
to be subjected to its maximum forward and reverse voltage 
ratings (VpOxmM and Vex). Selecting a value for RGK of 
1 kQ (or lower) increases the capability of the device to with- 
stand greater dv/dt and increases the noise immunity of the 
SCR against false triggering at the gate. Practical considerations 
such as available current drive from the triggering devices 
(e.g., a PUT) will determine the lowest value of RGK at 
which the SCR will fire with a VG«K.=0.55 V. With a value of 
5002 for Rox, the trigger source must be capable of sup- 
plying 1.1 mA. RGK should be non-inductive within the 
frequency band of the noise transients normally encountered 
in a particular application. 
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Fig. 22 — General anode characteristics for 21 (PUT). 
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Fig. 24 — Principle voltage-current characteristics 
for Q2 (SCR). 


Fig. 25 — Definition of critical rate of rise of 
off-state voltage for Q2 (SCR). 


APPLICATIONS CIRCUITS 


VUNREGULATED | 
I6V 


TIMING PERIOD = 200 SEC. WITH | MQ POT CENTERED 
TIMING CYCLE BEGINS WHEN AC !S APPLIED 
* SPRAGUE TYPE 4308, 5yF AT 50 V 


SPRAGUE TYPE 6308, SyuF AT 50 V 
OR EQUIVALENT 92CS- 21927 


Fig. 27 — AC line-operated one-shot timer. 


PULSE RATE ADJUSTED BY VARYING RyOR Cy: 
OUTPUT PULSE WIDTH ADJUSTED BY R) Cy 
DIFFERENTIATING TIME CONSTANT 
TYPICAL OPERATION FOR: 

vtsiS. Vv, Cy20.) uF, Rr+4.3K2 

C)=82 pF, Ry=60K2 


Fig, 29 — Pulse generator. 


pe assis 


TYPICAL TEMPERATURE CHARACTERISTIC 
= BY, ‘No 
GdnetRAave @ R +3302 2 x 100e4 0.01 % s#C 


TYP LOAD REGULATION @ I, =0 TO 40 mA, (A Vo/Vo)x 100* 
-3% (NO LOAD TO FULL LOAD) 


TYP. LINE REGULATION @ R, #3302 


CA3097E 


92C8-21923 
Fig. 23 — Output pulse characteristics for Q1 (PUT). 


WITH SWI CLOSED, INCREASE Vs-UNTIL SCR FIRES (VTVM DROPS 
FROM IOV TO APPROXIMATELY IV ). Igg (TRIGGER) |S MEASURED 
JUST PRIOR TO THIS TRIGGERING POINT. NOTE THAT IGs MAY 
DECREASE AS Vg IS INCREASED DUE TO CURRENT DRAWN OUT 

OF THE GATE TERMINAL OF THE SCR AS IT TURNS ON. TO UNLATCH 
THE SCR OPEN SWI. 5 


* 
Vg SHOULD BE CAPABLE OF SUPPLYING MILLIVOLT INCREMENTS 


NEAR THE TRIGGER POINT 


92CS- 21926 


Fig. 26 — Test circuit for determining 
'Gs in Q2 (SCR). 
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Fig. 28 — Temperature-compensated shunt regulator. 


92CM- 21929 
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APPLICATIONS CIRCUITS (CONT'D) | 


VUNREGULATED #10- 13V 


; Vo Z\ 
VUNREGULATED 9.5-15V Vz *8V 
20V 


(10) A OPTIONAL SPEED-UP CAPACITOR 
mi REQUIRED IF Vz SWINGS BELOW GROUND 
TYPICAL LOAD REGULATION @ Vo=7V,I,=0 TO 40 mA TYPICAL OPERATING CONDITIONS : 
4 Vo FREQUENCY IN = 0-10 KHz 
= 4 BON SUPPLY VOLTAGE (vt) I5V 
uaa hai REGULATION @ Vo*!2v. 1,0 TO 40 mA TYPICAL LINE REGULATION @ Vo: 7V, IL= 20 mA RI,R2,Ry*5.1KQ 
© «100240 4 % (NO LOAD TO FULL LOAD) AVo oe fees “a .Rg2 3002 
(9) Vv {* p 
TYPICAL LINE REGULATION @ Vozi2v Wee 2+0.85 %/ VOLT Vey U#7.5V, Vey le SV 
AVo/V, UNREGULATED HYSTERESIS VOLTAGE *2.5V 
0’ %o z 
rani geez cniuas . eevee UPPER THRESHOLD VOLTAGE (V7yU)% Vine, 
. ; R2 =) 
Fig. 30 — Series voltage regulator. Fig. 31 — 5 to 7.5 V shunt regulator. LOWER THRESHOLD VOLTAGE (VqyL) wt) R2+Ry 
R2 Ry 
Rote 


HYSTERESIS VOLTAGE® Vryq U-Vyyb 


RL (1302 TYP) 
92CM~- 21932 


Fig. 32 — Schmitt trigger. 
I 
ce] 


O.lmF INDI4 


O vt(BATTERY, TYP. 10-30V) 


*MONOSTABLE DELAY TIME SET BY ADJUSTMENT OF Tp( VARY Ro) OR 
BY Cp.1p MUST BE GREATER THAN Ty OF QI (PUT) FOR MONOSTABLE 
OPERATION. 

Q2 (SCR) SWITCHING TIMES: 


GATE-CONTROLLED TURN-ON TIME (tot }= 50 ns (TYP) 


CIRCUIT -COMMUTATED TURN-OFF TIME (tg)=10 ws(TYP) 92CM-21933 


Fig. 33 — Monostable multivibrator with variable delay. 


Torr * TIMING PERIO@ (NO LOAD CURRENT) 
PUT FIRES WHEN Vc ¥8V 


Te (Tore) 
ond c a Ico ® Ty (Q3.Q5 MATCHED) 
+ 
vt—o7 


Ty SET BY ADJUSTING RT, IT 


Ton? CAPACITOR DISCHARGE TIME THROUGH LOAD. LOAD TURNS 
OFF WHEN SCR ANODE CURRENT FALLS BELOW HOLDING 
CURRENT (Tuo). TYPICAL Ino =1-2 mA 

EXAMPLE : FOR TIMING PERIOD OF 8.3 MIN 
Cr? 1000 mF, Ty 2!6 pa 


Vv 
Rye ie (FOR vt=I6V, Rr= IMM) 


92CS- 21934 


Fig.34 — Low-current-drain battery-operated 
long interval astable timer. 


NOTE: SHORT TERMINAL |5 TO 14 WHEN USING Q5 AS A DIODE 
92CS-22178 


Fig.35 — Phase control circuit. 


198 


Programmable Schmitt Trigger 


— With Memory 


—Dual-Input Precision Level Detectors 


Applications: | 

® Control of relays, heaters, LED’s lamps 
photo-sensitive devices, thyristors, 
solenoids, etc. 

® Signal reconditioning 

® Phase and frequency modulators 

® On/off motor switching 

®™ Schmitt triggers, level detectors 

® Time delays 

® Overvoltage, overcurrent, overtemperature 
protection 

® Battery-operated equipment 

= Square and triangular-wave generators 


The RCA-CA3098 Programmable Schmitt 
Trigger is a monolithic silicon integrated 
circuit designed to control high-operating- 


current loads such as thyristors, lamps, 


relays, etc. The CA3098 can be operated 
with either a single power supply with 
maximum operating voltage of 16 volts, or a 
dual power supply with maximum operating 
voltage of +8 volts. It can directly control 
currents up to 150 mA and operates with 
microwatt standby power dissipation when 
the current to be controlled is less than 
30 mA. The CA3098 contains the following 
major circuit-function features (see Fig. 1): 


1. Differential amplifiers and summer: the 
circuit uses two differential amplifiers, 
one to compare the input voltage with 


the “‘high’’ reference, and the other to 
compare the input with the “low” refer- 
ence. The resultant output of the differ- 
ential amplifiers actuates a summer cir- 
cuit which delivers a trigger that initi- 
ates a change in state of a flip-flop. 


2. Flip-flop: the flip-flop functions as a 
bistable “‘“memory”’ element that changes 
state in response to each trigger command. 


3. Driver and otuput stages: these stages 

"permit the circuit to ‘‘sink’’ maximum 
peak load currents up to 150 mA at 
terminal 3. 


4, Programmable operating current: the cir- 
cuit incorporates access at terminal 2 to 
permit programming the desired quiescent 
operating current and performance para- 
meters. 


The CA3098 is supplied in the 8-lead dual-in- 
line plastic package |(‘‘Mini-Dip”, E suffix), 
8-lead TO-5 style package (T suffix), 8-lead 
TO-5-style package with formed leads “’DIL- 
CAN” (Ssuffix), and in chip form (H suffix). 


For information on another RCA Dual-Input 
Precision Level Detector, see the data bulletin 
for the RCA-CA3099E, File No. 620. 


CA3098 Types 


Features: @ Built-in hysteresis: 20 mV 

: haba ~— sa al Programmable hysteresis: 

= sire aia standby dissi- = Se. input 

2 Direct Eonn! of currentsup “ eh enor range: 100 Q 

5 ae input on/off current of a ay predictable switching 


less than 1 nA for pro- 
grammable bias current 
of 1 uA 


® Temperature-compensated 
reference voltage 

™ Power can be strobed off 
via term. 2 


(2) PROGRAMMABLE 
BIAS CURRENT 
INPUT (I pias) 


Pope we. Oe ee ee ek “) 
l 
_ 
| 


FLIP-FLOP 
(MEMORY) 


"HIGH" REFERENCE 
(CHR) @ 


SIGNAL INPUT 
“ SINK" 
OUTPUT 


“LOW” REFERENCE () 
(LR) 


92CM-26917 


Fig. 1 — Block diagram of CA3098 programmable Schmitt trigger. 


Maximum Ratings, Abso/ute-Maximum Values at Tg = 25°C: 


Supply Voltage Between Terminals 6 and 4, 1.0... .. 0. ccc eee ee eee eens 16 V 
Output Voltage Between Terminals 7 and 4, and 3 and4 ...............000. 16 V 
Differential Input Voltage Between Terminals 8 and 1, and 


TORMINAlS FANG G - eis aces: 3 Sasa tard wad Ee Scale Awake Raw PARES REE 10 V 
Operating Voltage Range: 
FONG? sop: Picasa eS 6 aM sch A ances a cca awe ee Oe Vesies- roa ewe es V—- to vt 
Fd Her Ae ane ere pT ere ees NR Ee ee ee (V— plus 2.0 V) to Vt 
NGM el ec steeae ees eb we ea Pee a we ee Ae Rw acs (V—) to (Vt minus 2.0 V) 
LOad CORrenENTeNm. 3) o4.b-2)s% ba dait ns 3.40 vase Behe dee ew ae ew 150 mA 
Input Current to Voltage Regulator (Term. 5) ........... 0.0 eee eee eee 25 mA 
Programmable Bias Current (Term. 2) ......... 0.000 e cece cece eae ere 1 mA 
Output Current Controi (Term. 5) ...... 0... ccc cece eee ee teen e eee ee 15 mA 
Power Dissipation: 
Without Heat Sink: 
Up to Ty, = 55°C 7 
CASOSSS ‘GAS09ST 255530 Gece s hie ees Boek ave Hh ee whe BRAS 630 mW 
CASOIGE grok Ma aca e G gE el ee eR aie ee Aaa othe g areata ed 630 mw 
Above Tp = 55°C Derate linearly at .. 0.0.0... ccc cece eee eceeces 6.67 mW/°C 


With Heat Sink: 
Up to Tp = 55°C 
CA2098S, CASS Y srcites nisageetisae high senate ey ewetakaorsss 1.6 Ww 
Above Tp = 55°C 


CA3098S, CA3098T Derate linearly at .. 0.0... cc eee eee eee 16.67 mW/°C 
Ambient Temperature Range (All Packages): 
OBEY ATG iii ne oe ea aceon name Oe wR AR ae kee need ed —55 to +125 °C 
StOPage> essa Pesos ct eae a Maren a an etna cones —65 to +150 °C 
Lead Temperature (During Soldering): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) 
from case for 10 seconds max. ........0.c eee cee cee ceeeeeuenes 265 a 6: 


CA3098 Types 


(6)vt 
General Description of Circuit Operation are | 
(Refer to Figs. 2, 3, 4) | i 
When the signal-input voltage of the CA3098 ai eo 
is equal to or less than the “low” reference 
“HIGH” OUTPUT 
Q40 


voltage (LR), current flows from an external nerenence 
power supply through a load connected to 


{5 
terminal 3 (“sink” output). This condition is aie =e "Ra 
maintained until the signal-input voltage er, 098 tf 042“ Sink" 
rises to or exceeds the “high” reference volt- POTENT 
age (HR), thereby effecting a change in the INPUT ie oe © 
state of the flip-flop (memory) such that the © cole Hw 
Output stage interrupts current flow in the = Halt 
external load. This condition, in turn, is R3 
maintained until such time as the signal Tk as 
again becomes equal to or less than the “low” =, 4 0w" - Sr 
reference voltage (VR). (LR) Gt ore oat = ee ae 


PROGRAMMABLE C 
The CA3098 comparator is unique in that it a as Bias CUNOENY 


contains circuit provisions to permit pro- 


grammability. ‘This feature provides flexi- pl 


bility to the designer to optimize quiescent v@ 

power consumption, input-circuit charac- 92CL-26918 
teristics, hysteresis, and additionally permits Fig. 2 — Schematic Diagram of CA3098. 

independent contro! of the comparator, Viz Vide : 


namely, pulsing, strobing, keying, squelching, Output Voltage (V) 


Sequence Input Signal Level 


etc. Programmability is accomplished by lo (Term. 3) 
means of the bias current (Ipjgs) supplied | 1 APE; > 0 0 
to terminal 2. RL 2 B2En_>4 ) 

- . 3 Ein 8 92 
An auxiliary means of controlling the magni- 2 ‘8>Ey >4 12 
tude of load-current flow at terminal 3 is ans (3) Ep 1 4>E\y >0 0 
provided by “sinking” current into terminal 5. SIGNAL 
Figs. 3 and 4 highlight th ion of th _ 

gs. 3 an Ignlig . € operation of the 92CS8-26919 Fig. 4 - Resultant output states of the CA3098, 

CA3098 when connected as a simple hys- are: shown in Fig. 3 as a function of various 
teresis switch (Schmitt trigger). Fig. 3 — Basic hysteresis switch (Schmitt trigger). input signal levels. 


TYPICAL CHARACTERISTIC CURVES 


~S| AMBIENT TEMPERATURE (Tq )* 25°C 
SUPPLY VOLTAGE (vt) #12 Vv 

“HIGH" REFERENCE VOLTAGE (VHR)*6V 
“LOW” REFERENCE VOLTAGE (V_R}*6V 


VroiLr)*¥r~Yir 


SUPPLY VOLTAGE (Vv*) #12 V 2 
"HIGH" REFERENCE VOLTAGE (VHRR) 6V | 

“LOW” REFERENCE VOLTAGE (Vi R)*OV eo 
2 
8 
2a 


LOW REF. INPUT OFFSET VOLTAGE [Vo¢L Ry] —V 
HIGH REF, INPUT OFFSET VOLTAGE [Vz0(HR}|—™V 


LOW REF. INPUT OFFSET VOLTAGE 


iat HEE Ee 
ao ‘6 100 1900 “75-50-28 CO 25 8075S 
seeeMnine BIAS CURRENT Teter 92CS- 20986 PROGRAMMING BIAS CURRENT (I gias)— pA 92cs-20985 AMBIENT TEMPERATURE (Ta)-—°C | 92cS-20977 
Fig. 5 — Input-offset voltage (“low” reference) Fig. 6 — Input-offset voltage (“high”’ reference) Fig. 7 — Input-offset voltage (“low reference) 
vs. programming bias current. vs. programming bias current. vs. ambient temperature. 


PROGRAMMING BIAS CURRENT (Ipjas)*!00 nA 
VrotHA)* Vz NHR 
ae CT] 


AMBIENT TEMPERATURE (Ta }= 25°C 
SUPPLY VOLTAGE (V+) 8 12y 
“HIGH® REFERENCE VOLTAGE (VuR)=6V 
“LOW” REFERENCE VOLTAGE (VU RQ)=6V 
Vaal 
6 8 
bf i 1000 
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MIN. HYSTERESIS VOLTAGE (Vy9 "HR-LR™)— mV 


4 68 2 4 


100 -100 -75 -50— -2' 


AMBIENT TEMPERATURE (Ta)——°C = 92 $-20979 Pap emna nee Suneee VEaiael-oe gine Suen Meme pate Yate 92CS- 20975 
Fig. 8 — Input-offset voltage (“high reference} Fig. 9 — Min. hysteresis voltage vs. programming Fig. 10 — Min. hysteresis voltage vs. ambient 
vs. ambient temperature. bias current. temperature. 
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CA3098 Types 


ELECTRICAL CHARACTERISTICS at Ta = 25°C Unless Otherwise Specified ° 1.4] AMBIENT TEMPERATURE (Tq )#25°C 


PROGRAMMING SIAS GURRENT (LB1AS)*100 pA 
CHARACTERISTIC TEST CONDITIONS al 


SUPPLY VOLTAGE (Vv 


Cc 
= 
=| 
” 


Input Offset Voltage: 


VER = Gnd, VuR =3V 


VurR = Gnd, Vp R=-3V 
IBIAS = 100 uA 
Temp. Coeff: 
7 
8 


5 
< 


fae 
< 
ao) 
NO 

<= 

< 

~S 

ror 


“Low” Ref., ViO(LR) 


+ 
P=) 


“High” Ref., VIO(H R) 


> 
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] 
> 
< 
a 
° 
> 
z 
<4 
- 
< 
4 
ze 
« 
1) 
i 
> 
a 
K 
2 
°o 


“Low” Ref. —55 °C to + 125°C 
“High” Ref. —55 °C to + 125°C 


VreG 76 V, Vt=12V 
IBIAS= 100 pA 
—55°C to + 125 °C 


Output Saturation Voltage, | Vj =4V, Varg =6V, 
Vce(SAT) Vt =12V, Ipiag= 100uA 


Moos REGO 13,14 
V =12V, IBIAS= 100 nA 

Vi =8V, Veg =6V. 

Vt=12V, Ipias= 100uA 


Vi, =4Vy, VREG=5V 
V*=12V, IBias= 100A 


a 


100 
OUTPUT SINK CURRENT (Ii gap)—mA 
92CS- 20987 


4.5 
+8.2 


Fig. 11 — Output saturation voltage vs. output 
sink current. 


Min. Hysteresis 
Voltage ViQ(HR-LR): 
Temp. Coeff. 


SUPPLY VOLTAGE (V*)=I0V 


PROGRAMMING BIAS. CURRENT (Igias)#!00nA 


—_ 
> 
pay 
NO 
© 
(jo) 
=) 
~ 
NO 


Total Supply Current, 
TOTAL: 
“ON” 


“OFF” 


EH 
2) 
EH 
~ 
on 
io) 


Input Bias Current, Iyp: 


- AMBIENT TEMPERATURE (Ta)—— °C 
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Fig. 12 — Output saturation voltage vs. ambient 
temperature. 
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Fig. 13 — Total supply current vs. programming 
bias current. 
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CA3098 Types 


tere} 


HYSTERESIS VOLTAGE? Vy "OF F"—Vy'ON" 
92CS- 26910 
Fig. 17 — Min. hysteresis voltage, total 
supply current, and input- 
bias-current test circuit. 


92Ccs-2691) 


Fig. 18 — Switching time test circuit. 


TYPICAL APPLICATIONS 


92CS-26912 


Fig. 19 — Time delay circuit: Terminal 3 
“sinks” after 7 seconds, 


92CS - 26920 
Notes (a) Motor pump is ‘ON’ when water level rises above 
thermistor TH5. 


(b) Motor pump remains ‘‘ON” until water level falls 
below thermistor TH,. 


(c) Thermistors, operate in self-heating mode. 


Fig. 22(a) — Water-level control. 


3 WATER 
LEVEL 
92CS~- 26787 


Fig. 22(6) — Water level diagram for 
circuit of Fig. 22(a). 
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Fig. 20 — Time delay circuit: “sink” current 
interrupted after T seconds. 


=" 92Cs-26921 
-6V 


Fig. 21 — Sine-wave to square-wave converter 
with duty-cycle adjustment 
(Vz and V5). 
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Fig. 23 — OFF/ON control of triac with 
programmable hysteresis. 
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Fig. 24 — One-shot multivibrator. 


Programmable Comparator - - with Memory 


RCA-CA3099E Programmable Comparator is a monolithic 
silicon integrated circuit designed to control high-operating- 
current loads such as thyristors, lamps, relays, etc. The 
CA3099E can be operated with either a single power supply 
with maximum operating voltage of 16 volts, or a dual 
power supply with a maximum operating voltage of + 8 volts. 

It can directly control currents up to 150 mA. It operates with 

microwatt standby: power dissipation when the current to be 

controlled is less than 30 mA. The CA3099E contains the 

following six (6) major circuit-function features (Figure 1): 

1. Differential amplifiers and summer: the circuit uses two 
differential amplifiers, one to compare the input voltage 
with the “high” reference, and the other to compare the 
input with the “low’’ reference. The resultant output of 
the differential amplifiers actuates a summer circuit 
which delivers a trigger that initiates a change in state of 
a flip-flop. 

2. Flip-flop; the flip-flop functions as a bistable “memory’’ 
element that changes state in response to each trigger 
command. 

3. Driver and output stages; these stages permit the circuit to 
“sink” maximum peak load currents up to 150 mA at 
terminal 3. 

4. Programmable operating current; the circuit incorporates 
a separate terminal to permit programming the desired 
quiescent operating current and performance parameters. 


5. Internal sources of reference voltage and programmable 
bias current; an integral circuit supplies a temperature- 
compensated reference voltage (Vp/2) which is about 1/2 
of the externally applied bias voltage (Vp). Additionally, 
integral circuitry can optionally be used to supply an 
uncompensated constant-current source of bias (Ibias). 


6. Voltage regulator; provides optional on-chip voltage regu- 
lation when power for the CA3099E is provided by an 
unregulated supply. 


Maximum Ratings, Absolute-Maximum Values at Ta = 25°C: 


Supply Voitage Between Terminals 10 and 4, 


9and4,8and4 . . . . .. .,. , . , 16 Vv 
Output Voltage Between Terminals 7 and 4, 

and3and4. . . . ., . . . . , ., 16 Vv 
Differential Input Voltage Between 

Terminals 14 and 1, and Terminals 13and14. 10 Vv 
Operating Voltage Range: ; 

Term. 14 Bes Saye OV tovt 

Term. 13 emer 2.0 V to vt 

Term. 1. : : 0 V to Vt minus 2.0 V 
Load Current (Term. 3). GP sess ot 150 mA 
Input Current to Voltage Regulator (Term.5) . 25 mA 
Programming Bias Current (Term. 2)... . 1 mA 

mA 


Output Current Control (Term.7). . . . ., 15 


Power Dissipation: 
Up to Ta = 55°C . 
Above Ta = 55°C. 
Ambient Temperature Range: 
Operating 
Storage . 


Lead Termperature (During Soldering): 
At distance not less than 1/32 inch (0.79 mm) 
from seating plane for 10 s maximum 


Be te en wis Mie Ie 750 mw 
Derate Linearly at 6.67. mw/°c 
—55 to +125 °C 
~65 to +150°C 


+265 °c 


; CHARACTERISTICS SYMBOL 
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SUPPLY VOLTAGE 
FOR BIAS 
SYSTEM (Vp) 


i INTERNAL 


REFERENCE 
VOLTAGE 


SOURCE OF REFERENCE 
VOLTAGE (#Vp/2) 


“HIGH” REFERENCE 
{ HR) C3 


SIGNAL INPUT 


“LOW" REFERENCE 
{LR) ©) 


CA3099E 


INTERNAL PROGRAMMABLE POSITIVE SUPPLY 
SOURCE ;~—m BIAS VOLTAGE FOR 

OF BIAS CURRENT CONSTANT - 

(Laas) INPUT (T@ias) CURRENT BIAS vt 


CONSTANT- 
CURRENT 
BIAS 


AMPLIFIER BIAS 
CURRENY SOURCE 


FLIP-FLOP 
(MEMORY) 


anaes VOL TAGE 
REGULATOR 
LY 
UNREGULATED REGULATED v- 
INPUT OuTEUr 
92CM- 21089 


Fig. 1—Biock diagram of CA3099E programmable comparator. 
(See page 3 for general description of circuit operation.) 


Features: 

® Programmable operating current 
Micro-power standby dissipation 
Directly controls current up to 150 mA 


Low input on/off current of less than 1 nA 
for programmable bias current of 1 uA 


Built-in hysteresis: 10 mV max. 
Programmable hysteresis: 10 mV to V+ 
Dual reference input 

High sensor range: 100 © to 100 MQ 
Stable predictable switching levels 


Temperature-compensated reference 
voltage 


Applications: 


®@ Control of relays, heaters, LED’s, lamps, 
photo-sensitive devices, thyristors, 
solenoids, etc. 


® Signal reconditioning 

@ Phase and frequency modulators 

® On/off motor switching 

@ Schmitt triggers, level detectors 

@ Time delays 

@ Overvoltage, overcurrent, 
overtemperature protection 

@ Battery-operated equipment 

@ Square and triangular-wave generators 


ELECTRICAL CHARACTERISTICS AT Ta = 25°C (Unless otherwise indicated) 


Reference Voltage 
Reference Voltage 
Temperature Coefficient 
Regulated Supply Voltage 
Regulated Supply Voltage 
Temperature Coefficient 


Input Offset Voltage: 
“Low” Reference 


“High” Reference 


‘Low’ Reference Temp. 
Coefficient 


“High” Reference Temp. 
Coefficient 


Min. Hysteres:s Voltage 
Temperature Coefficient 


Totat Supply Current: 
ITOTAL “ON” 
TOTAL Vv 


Input Bias Current: 
IBip-n-p) 


Switching Times: 


Delay 


Storage 


TEST CONDITIONS 
Ta = 25°C Unless Otherwise indicated 


Term. 9 = 12 V, Term.4 = Grd, Term.11 = Test 


Term.5 1K to 12V, Term.4 = Grd, Term.6 10K to Grd 


ViR = Grd, VuR = 3 V. Igiag = 100 UA 
Vur = Grd, VLR = -3 V.igias = 100UA 


—559C to +125°C 
—55°C to +125°C 
—55°9C to +1259C 


Vi 4V, Vreg = 6 V, Vt = 12 V, IBiag = 100 WA 


Vi=4V. VRE = 6 V, Vt =12V, Igias = 100 21,14,1 


PA 
1=8V, VReGg= 6 V, Vt = 12V, Igias = 100 HA 


Vi=4V, VreG =6V, Vt = 12 V, Ipias = 100 
Vv, =8 V, VReG = 6 V, V* = 12 V, IBias = 100 
Current from Term.3 when Q46 is “OFF” 


20,7 
20,8 
20,9 
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o 
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oa 
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pA 
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Fig.2—Schematic diagram of CA3099E. 


General Description of Circuit Operation (Refer to Fig. 1) 


When the signal-input voltage of the CA3099E is equal to or 
fess than the “low” reference voltage (LR), current flows from 
an external power supply through a load connected to 
terminal 3 (‘‘sink’’ output). This condition is maintained 
until the signal-input voltage rises to or exceeds the “‘high’’ 
reference voltage (HR), thereby effecting a change in the 


state of the flip-flop (memory) such that the output stage 


interrupts current flow in the external load. This condition, 
in turn, is maintained until! such time as the signal again be- 
comes equal to or-less than the “low’’ reference voltage (VR). 


The CA3099E comparator is unique in that it contains circuit 
provisions to permit programmability. This feature provides 


flexibility to the designer to optimize quiescent power con-' 


sumption, input-circuit characteristics, hysteresis, and addi- 
tionally permits independent control of the comparator, 
namely, pulsing, strobing, keying, squelching, etc. Pro- 
grammability is accomplished by means of the bias current 


(Ibias) supplied to terminal 2. As an alternative to externally: 


supplied bias current, the CAS3OS9E contains an internal 


source of regulated bias current accessible at terminal 12. 
This internal source of bias current is developed by two 
alternative methods; in the first method, bias voltage (Vp) 
applied at terminal 9 develops a source of temperature- 
compensated reference voltage (~ Vp/2) at terminal 11 and 
additionally supplies a source of bias current at terminal 12 
via line “A”. Alternately, when a positive supply voltage is 
applied at terminal 8, a source of constant-current biasing is 
provided at terminal 12 via line “B”. 


An auxiliary means of controlling the magnitude of load-cur- 
rent flow at terminal 3 is provided by “sinking” current into 
terminal 7. The CA3099E contains an on-chip voltage regu- 
lator which may optionally be used to regulate the voltages and 
bias currents (exclusive of the load current at terminal 3) 
needed for the operation of the IC. 


Fig. 2 is the schematic diagram of the CA3099E. Figs. 3 
and 4 are, respectively, functional and logic diagrams of 
CA3099E operation. 
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Fig. 3 — Functional diagram. 
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Fig. 4 — Logic diagram. 


TYPICAL CHARACTERISTIC CURVES 
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Fig. 5 — Regulated supply voltage vs. ambient temperature. 


AMBIENT TEMPERATURE (Ta )* 25°C 
SUPPLY VOLTAGE (V*) sI2V 

“HIGH” REFERENCE VOLTAGE (VHp)*6V 
“LOW” REFERENCE VOLTAGE (Vi RisOV 


HIGH REF. INPUT OFFSET VOLTAGE [Vy0 (HA) 


' 10 : 100 
PROGRAMMING BIAS CURRENT (TI yas) — pA 


92US-20985 


Fig. 7 — Input-offset voltage (“high” reference) vs. programming 


bias current. 
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Fig. 6 — Input-offset voltage (“low" reference) vs. programming 
bias current. 
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Fig. 8 — Input-offset voltage (“low” reference) vs. ambient 
temperature. 
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Fig. 9 ~ Input-offset voltage (“high” reference) vs. ambient 
temperature. 
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Fig. 12 — Output saturation voltage vs. output sink current. 
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Fig. 15 - Input bias current vs. programming bias current. 


92CS-20995 


Fig. 18 — input-offset voltage test circuit. 
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Fig. 10 — Min. hysteresis voltage vs. programming bias current. 
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Fig. 13 — Output saturation voltage vs. ambient temperature. 
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Fig. 16 — Internal bias current vs. supply voltage. 
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Fig. 19 — Min. hysteresis voltage, total supply current, 
and input bias current test circuit. 


For application information, see Data Bulletin File No. 620. 
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Fig. 11 — Min. hysteresis voltage vs. ambient temperature. 
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Fig. 14 — Total supply current vs. programming bias current. 
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Fig. 17 ~ Internal bias current vs. ambient temperature. 
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Fig. 20 - Switching time test circuit. 
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CA3100 Types 


Wideband Operational Amplifier 


The RCA-CA3100 is a large-signal wide- 
band, high-speed operational amplifier which 
“has a unity gain crossover frequency (fy) 
of approximately 38 MHz and an open- 
loop, 3 dB corner frequency of approximately 
110 kHz. It can operate at a total supply 


voltage of from 14 to 36 volts (£7 to +18 . 


volts when using split supplies) and can 
provide at least 18 V p-p and 30 mA p-p at 
the output when operating from +15 voit 
supplies. The CA3100 can be compensated 
with a single external capacitor and has dc 
offset adjust terminals for those applications 
requiring offset null. (See Fig. 15). 


The CA3100 circuit contains both bipolar 
and P-MOS transistors on a single mono- 
lithic chip. This circuit is supplied in the 
standard 8-lead TO-5 package (T suffix), 
the 8-lead TO-5 dual-in-line formed-lead 
“DIL-CAN” package (S suffix), the 8-lead 
Mini-DIP (E Suffix), or in chip form (H 
suffix). 


Features: 
® High open-loop gain at video frequencies — 42 dB typ. at 1 MHz 
® High unity-gain crossover frequency (f+) — 38 MHz typ. 
= Wide power bandwidth — Vo = 18 V p-p typ. at 1.2 MHz 
8 High slew rate — 70 V/us (typ.) in 20 dB amplifier 
25 V/us (typ.) in unity-gain amplifier 
@ Fast settling time — 0.6 ys typ. 
® High output current — +15 mA min. 
= LM118, 748/LM101 pin compatibility 
= Single capacitor compensation — 
@ Offset null terminals 
Applications: 


® Video amplifiers 

@ Fast peak detectors 

= Meter-driver amplifiers 

®@ High-frequency feedback amplifiers 
® Video pre-drivers 

® Oscillators 

@ Multivibrators 

® Voltage-controlled oscillator 

= Fast comparators 


MAXIMUM RATINGS, Absolute-Maximum Values: 


Rai AMBIENT TEMPERATURE (Ta)#25°C 


| | | [T} suppcy vovtace (vtVv7) «15 v 


TERMINAL ASSIGNMENTS 
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TOP VIEW 
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TYPICAL CHARACTERISTIC CURVES 
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Fig. 2 — Open-loop gain, open-loop phase shift vs. 


15 V 
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| SUPPLY VOLTAGE (V?V~) #15 
mg 


Supply Voltage (between V+ and V~— terminals). 36 Vv 
Differential Input Voltage . : +12 V 
Input Voltage toGround*.. . . . . 415 Vv 
‘Offset Terminal to V- Terminal Voltage . 405 V 
Output Current . 50 mA® 
Device Dissipation; 
Up to Tq =55 C 630 mw 
Above T, = 55 C 6.67 mw/ C 
Ambient Temperature Range: i : 
Operating: 3 e 
E Type —40 to +85 of a 
S and T Types —55 to +125 of q 
Storage . ...... . —65 to +150 Cc wy 
Lead Temperature (During Soldering): a < 
At distance 1/16 £ 1/32 inch (1.59 0.79 mm) from case for 10s max.. . . +265 Cc g 
* If the supply voltage is less than £15 volts, the maximum input voltage to ground is equal to the supply 8 
voltage. z 
® CA3100S, CA3100T does not contain circuitry to protect against short circuits in the output. S 
Van 
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Fig. 1 — Schematic diagram for CA3100. 
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Fig. 3 — Open-loop gain vs. frequency and 
temperature. 


CA3100 Types 


ELECTRICAL CHARACTERISTICS, At T 4 = 25°C: TYPICAL CHARACTERISTIC CURVES (Cont'd) 


LIMITS 


TEST CONDITIONS 
SUPPLY VOLTAGE (V*+,V—)=15 V 
UNLESS OTHERWISE SPECIFIED 


CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta)#25°C 

LOAD RESISTANCE (Ri) #2 K2 

LOAD CAPACITANCE (C_)=20 pF 
ATION CAPACITANCE (Cc) =O) 


TYP. 


Input Offset Voltage, Vio Vo =01t01V 
Input Bias Current, !(g 
* Vo=O0tiv 
Input Offset Current, !19 
Low-Frequency Open-Loop 2 = 
Voltage Gain,Agy ® Vo=11 V Peak, F = 1 kHz 


I+ 
uo 


“ OPEN-LOOP VOLTAGE GAIN (Agy)— dB 


Common-Mode Input, 

Voltage Range, VICR CMRR > 76 dB 
Common-Mode 

Rejection Ratio, CMRR V; Common Mode = + 12 V 


Maximum Output Voltage: 
oe + 
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Fig. 4 — Open-loop gain vs. frequency and supply 
voltage. 
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Fig. 5 — Required compensation capacitance vs. 
closed-loop gain. 
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Power Bandwidth, PBW*: 
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Fig. 6 — Slew rate vs. compensation capacitance. 
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COMMON-MODE INPUT VOLTAGE RANGE (VicR)——V¥ 


4 6 80) e nee SP ae is ae baiaae Reo, oe ° +25 5 275 4100-125 415 #175 £20 
FREQUENCY (f)-— MHz 92CS-21582 . we i ei SUPPLY VOLTAGE (V*,V~)—V 92CS-21580 
Fig. 10 — Maximum output voltage swing vs. Fig. 11 — Common-mode input voltage range vs. Fig. 12 — Maximum output voltage vs. supply 
frequency. supply voltage. voltage. 
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INPUT BIAS CURRENT (Irp)—pnA 
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Fig. 13 — Sunoly current vs. sejply vortage. Fig. 14 — Input bias current vs. supply voltage. 
TEST CIRCUITS 
v? 


SLOPE *SR 


HP606A +1V PULSE 
. tk S 1Ons 


tWIOTHS tus 


WITH Vz=0 AQJUST 


POTENTIOMETER (Rx) 


TO GIVE Vg #Of 0.1 V de 
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Fig. 15 ~ Open-loop voltage gain test circuit. Fig. 16 — Slew rate in 10X amplifier test circuit. 
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Fig. 18 — Wideband input noise voltage test Fig. 19 — Output voltage swing ( Voy), Output 
circuit. . ; current swing (1 ogy) test circuit. Fig. 20 — Settling time test circuit. 


208 


CA3100 Types 


TYPICAL APPLICATIONS 


34B BANOWIDTH =15 MHz 
CLG+2048 


fo) OUTPUT TO 
TERMINATED 


DELIVERS FOLLOWING PEAK 
VOLTAGES TO 50 LINE: 


-3dB BANOWIDTH = 20 MHz 
TOTAL INPUT NOISE 
VOLTAGE REFERRED TO INPUT 


735 »VRMS 
30F 92CS-21583 
92CS -21584 
-I5V 
Fig. 21 — 20 dB video amplifier. Fig. 22 — 20 dB video line driver. 
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92CS-21585 CALIBRATION 

ADJUST 92CS- 21586 

Fig. 23 — Fast positive peak detector. Fig. 24 — 1 MHz meter-driver amplifier. 


Chip Dimensions and Pad Layout 


The photographs and dimensions represent a chip 
when it is part of the wafer. When the wafer is cut 
into chips, the cleavage angles are 57° instead of 
90° with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 


57-65 
(1.448-1.651) 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10—3 inch). 


Li 4-10 
(0.102-0.254) 
20 92CS-30478 


(1-2 70-1.473) 


CA3100H Chip 
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CA3118, CA3146, CA3183 Types 
High-Voltage Transistor Arrays 


RCA-CA3118AT, CA3118T, CA3146AE, CA3146E, CA- 
3183AE, and CA3183E are general-purpose high-voltage 
silicon n-p-n_ transistor arrays on a common monolithic 
substrate. 


Types CA3118AT and CA3118T consist of four transistors 
with two of the transistors connected in a Darlington con- 
figuration. These types are wel! suited for a wide variety of 
applications in low-power systems in the DC through VHF 
range. Both types are supplied in a hermetically sealed 12- 
lead TO-5 type package and operate over the full military 
temperature range. (CA3118AT and CA3118T are high- 
voltage versions of the popular predecessor type CA3018. 


Types CA3146AE and CA3146E consist of five transistors 
with two of the transistors connected to form a di’ ferentially- 
connected pair. These types are recommended for low-power 
applications in the DC through VHF range. 


VALUES APPLY FOR EACH TRANSISTOR 

CA3118AT 50 40 50 
CA3118T 
CA3146AE 
CA3146E 
CA3183AE 
CA3183E 


VCE sat. 
at 10 mA 


Py® Ic VcEO VceBo 
TYPE 
max, max. max, max. 
mw mA V Vv 


Types CA3183AE and CA3183E consist of five high-current 
transistors with independent connections for each transistor. 
In addition two of these transistors (Q1 and Q2) are matched 
at low-current (i.e. 1mA) for applications where offset para- 
meters are of special importance. A special substrate termina! 
is also included for greater flexibility in circuit design. 


The types with an “A” suffix are premium versions of their 
non-‘’A’’ counterparts and feature tighter contro! of break- 
down voltages making them more suitable for higher voltage 
applications. 


For detailed application information, see companion Appli- 
cation Note, ICAN-5296 “Application of the RCA CA3018 
Integrated Circuit Transistor Array.” 


| vio | tio | Ta Range 
Diff. Pair at 1mA (Operating) 


max. max. 
mV LEA 


typ. 


—55 -— +125 


® Caution on Total Package Power Dissipation: The maximum total package dissipation rating for the CA3118 Series circuits is 450 mW at 
temperatures up to +85°C, then derate linearly at 5 mW°C. The maximum total package dissipation rating for the CA3146 and CA3183 
Series circuits is 750 mW at temperatures up to +55°C, then derate linearly at 6.67 mW°C. 


MAXIMUM RATINGS, Absolute-Maximum Values at T, = 25°C 


Power Dissipation: 
Any one transistor — 


CA3118AT, CA3118T, CA3146AE, CA3146E ............ 300 mw 

CA3SIB3AE, CA3IBSZE . 1... te te et ee et es 500 mw 
Total package — 

Up to 85°C (CA3118AT, CA3118T).......0.......00008 450 mw 

Up to 55°C (CA3146AE, CA3146E, CA3183AE, CA3183E)...... 750 mw 

Above 85°C (CA3118AT, CA3118T)................0004 derate linearly 5 mW/°C 

Above 55°C (CA3146AE, CA3146E,CA3183AE, CA3183E)..... . derate linearly 6.67 mW/°C 


Ambient Temperature Range: 


Operating — 


Storage (ali types) 


Lead Temperature (During Soldering): 
At distance 1/16 + 1/32 inch (1.59 + 0.79mm) 


from case for 10 seconds max. ............2200.4 


The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage (VcEQ): 


CA3118AT, CA3146AE, CA3183AE........... 
CA3118T, CA3146E, CA3183E ..-.-..-..----. 


Collector-to-Base Voltage (Vcgo): 
CA3118AT, CA3146AE, CA3183AE 
CA3118T, CA3146E, CA3183E 

Collector-to-Substrate Voltage (VcjQ): ® 
CA3118AT, CA3146AE, CA3183AE 


Collector Current — 
CA3118AT, CA3118T, CA3146AE, CA3146E 


CA3183AE, CA3183E 
Base Current (Ig) — CA3183AE, CA3183E 


OY 


er 


CA3118T, CA3146E, CA3183E ...--.-.- eee, 
Emitter-to-Base Voltage (VeEgo) alltypes ......... 


o 2 2 8 


ry 


re 


—55 to +125 oC 


loti ete ar —65 to +150 oC 
ahi bbe ad ek +265 &¢ 
terres Pace as coors 40 Vv 
fee eit Zale 30 Vv 
eas Oe, th act anes ae 50 V 
Me Soe B A Soon 40 V 
Baty cpcvisi ce tee SA 50 V 
Fy ba AO bot aos 40 Vv 
Sie) nah SoMa hes 5 V 
G% Rael ore Berke 50 mA 
Bota Ag reste tay tthe ics 75 “mA 
Sane Mid, Oss 20 mA 


= The collector of each transistor is isolated from the substrate by an integral diode. The substrate 
must be connected to a voltage which is more negative than any collector voltage in order to 
maintain isolation between transistors and provide normal transistor action. To avoid undesired 


coupling between transistors, the substrate terminal 


should be maintained at either DC or sig- 


nat (AC) ground. A suitable bypass capacitor can be used to establish a signal ground. 


Features 

@ Matched general-purpose transistors 

® Vege matched + 5SmV max. 

® Operation from DC to 120 MHz (CA3118AT, T; 
CA3146AE, E) 

® Low-noise figure: 3.2dB typ. at 1kHz (CA3118AT, T; 
CA3146AE, E) 

@ High ic: 75mA max. (CA3183AE, E) 


Applications 

® General use in signal processing systems in DC through 
VHF range 

Custom designed differential amplifiers 

Temperature compensated amplifiers 

Lamp and relay drivers (CA3183AE, E) 

Thyristor firing (CA3183AE, E) 
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Fig. 1 — Schematic diagrams of high-voltage arrays. 


The CA3146AE and CA3146E are supplied in 
the 14-lead dual-in-line plastic package; the 
CA3183AE and CA3183E are supplied in the 
16-lead dual-in-line plastic package. 


7 | aaa A a re eS a a ne 


COMPARISON OF RELATED PREDECESSOR TYPE WITH TYPES IN THIS DATA BULLETIN 


CE sat 


CA3118, CA3146, CA3183 Types 


typ. pF typ. PF 


aus Vceo | Ycso — v- Ic Ccp 
NO. min, min. max. MA typ. pF 
CA3018 338 20 ; : 50 
CA3018A 338 20 50 
CA3118AT 50 50 
; 40 50 
341 20 
50 
40 
20 
50 
40 


CA3118T 


CA3046 
CA3146AE 
CA3146E 


1c=10mA 
0.74 
0.75 


0.75 


CA3083 
CA3183AE 
CA3183E 


For Each Transistor: . 


Collector-to-Base 7, pale Anapa pe ey 
Breakdown Voltage (BRICBO Cc BALE 
Collector-to-Emitter 
Breakdown Voitage ViBRICEO Ic = 1mA, Ig = 0 
Coltector-to-Substrate 
ViBR)CIO 
iV 
Breakdown Voltage (BRIEBO 


Collector-Cutoff Current IcCEO 
Collector-Cutoff Current ICBO 


Base-to-Emitter Voltage ; 
Cotlector-to-Emitter = = 
VecEsat I¢ = 10mA, lg = tmA 
Saturation Voltage 


Collector-Cutoff 
Current 


Breakdown Voltage 


Emitter-to-Base 


OC Forward-Current 
Transfer Ratio 


CA3118AT 


and 
CA3118T 


only 


OC Forward-Current 
Transfer Ratio 


Base-to-Emitter 
(Q3 to Q4) 


Magnitude cf Base-to- 
Emitter Temperature 
Coefficient 


Magnitude of Input 
Offset Voltage 
[Vee 5 Vee2| 

Magnitude of 
hee Ratio 


3 


CA3118AT and 
CA3118T only 


AT 

Magnitude of Vig vy 
(VBE1- VBE2) Temp- 

erature Coefficient at 


Magnitude of Base-to- 
Emitter Temperature 
Coefficient 


E 
Oo 


a 


Vce = SV, 
tc1 =!c2 = 1mA 


Magnitude of 
Input Offset 
Current 


| 104-09| 


CA3146AE 
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CA3146E 
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COLLECTOR CUTOFF CURRENT (Icgo)—nA 


\ 


DC FORWARD-CURRENT TRANSFER RATIO (hee) 


TYPICAL STATIC CHARACTERISTICS CURVES— 
CA3118 and CA3146 SERIES (cont’d Fig.2 to 12) 


1028;- BASE CURRENT (1g)=0 


A, 


INI 
{EIN 


AMBIENT TEMPERATURE (Ta) — °C 
92CS—1Si94R2 


Fig. 2— Ice vs. Ta for any transistor. 


EMITTER CURRENT (I¢)=0 


AMBIENT TEMPERATURE (Ta )—-°C 


92CS~I5I9SR2 


Fig. 3~— lego vs. Tg for any transistor. 


HH ait 
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COLLECTOR CURRENT (I¢c)—mA 


92CS-19640 


Fig. 4 ~ heg vs. Ic for any transistor. 
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~25 ° 25 50 75 100 
AMBIENT TEMPERATURE (Ty )— °C 
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92CS-19644 


Fig. 5 — Veg vs. T, for any transistor. 
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CA3118, CA3146, CA3183 Types 


DYNAMIC ELECTRICAL CHARACTERISTICS — CA3118 and CA3146 Series 
TEST CONDITIONS 
SYM. CA3118AT 
Ta, = 26°C 
BOL A CA3146AE 


CA3118T 
CA3146E 


CHARACTERISTICS 


f = 1kHz, VcgE = S5V, 
Ic = 1001A, Source 
resistance = 1k QQ 


Low-Frequency, Smalt-Signal 
Equivatent-Circuit 
Characteristics: 
Foward-Current Transfer 
Ratio f = 1kHz, Vcg = 5V, 


Low Frequency Noise F igure 


Short-Circuit Input 
impedance 


Open-Circuit Output 
Impedance 


Open-Circuit Reverse . 
Voltage Transfer Ratio 


Admittance Characteristics: 
Foward Transfer Admittance Yte 
Input Admittance f = IMHz, Vc_e = SV, 
Output Admittance Ic =1mA 


ig = 1mA 


STATIC ELECTRICAL CHARACTERISTICS — CA3183 Series 


TEST CONDITIONS LIMITS 


CHARACTERISTICS | SYMBOL Ta = 25°C 


For Each Transistor: 


Coliector-to-Base 
Vv Ic=100UA, ic =0 : 
Breakgow? Voltage ae 
Coltector-to-E mitter 
Vv [c=1mA, ig=0 
Breskdow! Yoltsge ied 
Collector-to-Substrate 1¢}=100KA, 1g=0, 
ViBRICIO e 
Breakdown Voltage te =0 


DC FORWARD-CURRENT TRANSFER RATIO 
(DARLINGTON PAIR) Chee] 


CA3183AE 


Cc 
= 
par 
n 


z 
< 
3s 
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yp 


-= 
~ a 


“ 
= 


Emitter-to-Base . 
: Vv I SOOHA, Ic = 0 

Collector-Cutoff Current IcEO Vce = 10V, Ig = 0 

Collector-Cutoff Current IcBo Vee = 10V, le = 0 


OC Forward-Current 


Transfer Ratio J ee | Vce = SV, Ic = 50mA 


Base-to-Emitter Voltage Vce = 3V, Ic = 10MA 


Collector-to-Emitter 
*v Ic = SOMA, tg = 5mA 
Scuinien Noltoge 


0. 


~ 


~_ 


: ~ 
~ a 
e 


Absolute input Offset 
Voltage 
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N 
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~ 


-TO-EMITTER VOLTS (Vce)=5 VE 
suuscssalecssesscesses a2 Pr iH 


aoneean 
Siren TE 
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2) if VroJ— mV 


wd 
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= 


TO-EMITTER VOLTS [DARLINGTON PAIR] (VgE) 
MAGNITUDE OF INPUT OFFSET VOLTAGE 


“75-50-25. «6 + «+25 + + +50 75 (00 125 75-50. -25.~2«0. + 25. +~ «50. -75~~-100 


AMBIENT TEMPERATURE (Ta) — °C AMBIENT TEMPERATURE (Ta)——°C 
92CS -15187R! 


Fig. 9— Vggus. T, for Darlington Fig. 10 - Vio vs. Ty for Q1 and Q2. 


pair (Q3 and Q4). 
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92CS-15188 R2 


TYPICAL STATIC CHARACTERISTICS CURVES— 
CA3118 and CA3146 SERIES (cont'd Fig.2 to 12) 


COLLECTOR-TO-EMITTER SATURATION 
VOLTAGE ( Voce get) — V 


COCO 
Oo 10 20 30 40 
COLLECTOR CURRENT (I¢)—- mA 


9208-19647 
Fig. 6-Vcg sat vs. Ic for any 
transistor. 


see 
2 4 68 2 4 668 2 4 


0.01 [0] t 10 
COLLECTOR CURRENT (I¢)-—-mA 
‘ 92¢S-19645 


Fig. 7— hegvs. I¢ for Darlington pair (Q3 and Q4) 
for types CA3118AT and CA3118T. 
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EMITTER MILLIAMPERES (I_) 
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Fig. 8— Vee vs. Ig for Darlington 
pair (Q3 and Q4). 
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AMBIENT TEMPERATURE (Tq)= 25°C ‘ 
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BASE-TO-EMITTER VOLTS (Vge) 


INPUT OFFSET VOLTAGE =\VBE\4—~ 


or 2 4 6 85, 2 4 6 8, 2 46 81H 
EMITTER MILLIAMPERES (Ie) 92¢S-19568 


INPUT OFFSET VOLTAGE Q) AND Qo (Vz9) — mv 


Fig. 11— Vggand Vig vs. I¢ for Q1 and Q2. 


TYPICAL STATIC CHARACTERISTICS CURVES— 


CA3118 and CA3146 SERIES (Fig.2 to 12) 
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Fig. 12 — lto vs. |¢ (Q1 and Q2) for types CA3146AE 
and CA3146E. 
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Fig. 15 — NF vs. Ic @ Rg = 10k2. 


COMMON EMITTER CIRCUIT, BASE INPUT [| 
AMBIENT TEMPERATURE (Ta)= 25°C 
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Fig. 18 — yig vs. f 


COLLECTOR-TO-EMITTER VOLTS (Ve_)=5 V 
AMBIENT TEMPERATURE (Ta)=25°C 


GAIN-BANDWIDTH PRODUCT (f7)—MHz 


4) 
73. 
ul 
« 
> 
9 
i 
wi 
2 
2 


CA3118, CA3146, CA3183 Types 


TYPICAL DYNAMIC CHARACTERISTICS CURVES 
(FOR ANY TRANSISTOR)—CA3118,CA3146 SERIES (Fig. 13 to 22) 


COLLECTOR-TO-EMITTER VOLTS (VcE)=5V 
SOURCE RESISTANCE OHMS (Rs)=500 
AMBIENT TEMPERATURE (Ta)=25°C 


COLLECTOR MILLIAMPERES (Ic) 


100 |} COLLECTOR-TO-EMITTER VOLTS(V, cp SV 


NORMALIZED h PARAMETERS 


Of p an 
AMBIENT TEMPERATURE (TAye 25 

OLLEC TOR-TO-EMITTER bots. ‘vce)=3 
COLLECTOR MILLIAMPERES (I 


OUTPUT CONDUCTANCE (9o¢) 
AND SUSCEPTANCE (bog)—MILLIMHOS 


6EFREQUENCY [/} #1 kHz 


92CS-15192R1 


Fig. 13 - NF vs. Ic @ Rg = 5002. 
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Fig. 19 — Yog vs. f. 
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Fig. 21—frvs. I¢ 
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COLLECTOR-TO-EMITTER VOLTS (Voce): 5 V 
SOURCE RESISTANCE OHMS (Rs}#i000 
AMBIENT TEMPERATURE (Ta)*25°C 


NOISE FIGURE — dB 


COLLECTOR MILLIAMPERES (Ic) 
92CS-15I93RI 


Fig. 14 — NF vs. I¢ @ Rg = 1kQ. 


COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (Ta)= 25°C 
COLLECTOR-TO-EMITTER VOLTS(VcE)=5 V 
COLLECTOR MILLIAMPERES(Ic¢)=1 
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Fig. 17— Vtg vs. f 


COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (Tq)=2 
COLLECTOR-TO—EMITTER MOLT wena 
COLLECTOR MILLIAMPERES (Ic)=1 


Gre IS SMALL AT FREQUENCIES 
LESS THAN 500 MHz 


9 
e)—MILLIMHOS? 


f 
9° 


REVERSE TRANSFER CONDUCTANCE 


AND SUSCEPTANCE (by 


le} 
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Fig. 20 — yy@ vs. f. 
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Fig. 22— Cep, Cop, Coy vs. bias voltage 


213 


CA3118, CA3146, CA3183 Types 


TYPICAL STATIC CHARACTERISTICS CURVES—CA3183 SERIES 
(Fig. 23 to 30) 


10-', 


COLLECTOR CUTOFF CURRENT (I¢EQ)—nA 
COLLECTOR CUTOFF CURRENT (Ic¢go) ——nA 
DC FORWARO-CURRENT TRANSFER RATIO (hee) 


-$0 -25 f?) 25 50 75 100 
AMBIENT TEMPERATURE (Ta) —°C AMBIENT TEMPERATURE (Ta) — °C AMBIENT TEMPERATURE (Tq) — °C 


92CS-19640 92CS-19643 92CS-I964)1 


Fig. 23 — !cEQ vs. Ta for any transistor. Fig. 24 - Icgg vs. T, for any transistor. Fig. 25 — hres. Tg for any transistor. 


DC FORWARD - CURRENT 
TRANSFER RATIO(hegE) © 10 


Z| 
AMBIENT TEMPERATURE (Tag) * 25°C 


DC FORWARD-CURRENT TRANSFER RATIO (hee) 
BASE—-TO—EMITTER VOLTAGE (Vga¢) — V 
COLLECTOR - TO-EMITTER SATURATION 


ol 10 ‘si 2 4 68 ; 2 4 658 6 2 4 
: = ; ae COLLECTOR CURRENT (Ig) — mA 
COLLECTOR CURRENT (I¢)——mA Pere COLLECTOR CURRENT (Ic¢)—mA LLEC (Ig) —m 3c 19646 
Fig. 26 — heg vs. I¢ for any transistor. . Fig. 27 — Vpevs. I¢ for any transistor. Fig. 28- Vee sat vs. 1¢ for any transistor. 


COLLECTOR - TO-EMITTER VOLTAGE(Vc_)* 3 V 
AMBIENT TEMPERATURE( Ta) = 25°C 


rr 5 
< Ww 
- x 
ae : 
pt rr 
—a 
8 Pe Re 2 
SE an ee eee ? 
-_ AMBIENT TEMPERATURE (Ta)*0 -, aa 
es —— Fs | : 
zo % LM ieee creer z 
we | 7c | ——p— = 
5 5 
iad 
a 8 
a a 
Lee an 
6 86 


0.1 . t . . me 10 , 
COLLECTOR CURRENT (I¢)——mA aceviges: COLLECTOR CURRENT(I¢)——mA 92¢8- 19650 7 
Fig. 29 - | Vjo\ vs. I¢ for differential amplifier (Q1 and Q2). - Fig. 30 — | 119| vs. I¢ for differential amplifier (Q1 and Q2). 
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High-Frequency N-P-N 


Transistor Array 


For Low-Power Applications at Frequencies up to 


500 MHz 


RCA-CA3127E* consists of five general- 
purpose silicon n-p-n transistors ona common 
monolithic substrate. Each of the completely 
isolated transistors exhibits low 1/f noise and 
a value of f+ in excess of 1.GHz, making the 
CA3127E useful from dc to 500 MHz. 
Access is provided to each of the terminals 
for the individual transistors and a separate 
substrate connection has been provided for 
maximum application flexibility. The mono- 
lithic construction of the CA3127E provides 
close electrical and thermal matching of the 
five transistors. 


The CA3127E is supplied ina 16-lead dual-in- 
line plastic package and operates over the full 
military temperature range of —55 to +125 C. 


* Formerly RCA Dev. No. TA6206. 


MAXIMUM RATINGS, 
Absolute-Maximum Values: 


POWER DISSIPATION, Pp: 


Any onetransistor. . . . . . . 85 mW 
Total Package: P 
For Ta up to 75 C oe ee ee 425 MW 
For Ta >75 C Derate 

Linearly at. . 2... 6.67 mw/°C 

AMBIENT TEMPERATURE RANGE: . 

Operating . . . . . . . —55.to +125 C 
Storage . ... - . . —65 to +125°C 


LEAD TEMPERATURE 

(DURING SOLDERING): 

At distance 1/16 + 1/32 inch 

(1.59 £0.79 mm) from case 2 
for 10 secondsmax. . . . . . . +265 C 


_ The following ratings apply for each transistor in 
the device: 


’ Collector-to-Emitter Voltage, VcEO . . . TV 
Collector-to-Base Voltage, Vcso Joa a GaZO¥ 
Collector-to-Substrate Voltage, Veio* . . 20V 
Collector Current,Iq@ . . . . e . 20 mA 


*The collector of each transistor of the CA3127E 
is isolated from the substrate by an integral diode. 
The substrate (terminal 5) must be connected to 
the most negative point in the external circuit to 
maintain: isolation between transistors and to 
provide for normal transistor action. 


| AMBIENT TEMPERATURE (Ta)=25°C 
COLLECTOR-TO-EMITTER VOLTAGE (VcE)*6V 


\/f NOISE FIGURE — 4B 


ame 


Rien: 


oot 2 4 6 8) 2 4.66 8 2 4 


pe 
TT 
Bi 

—— al 


COLLECTOR CURRENT (Ig)-mA 92CS -20804 


Fig. 2— 1/f noise figure as a function of collector 
current at RSOURCE = 500 Q., 


CA3127E 


Features: 


® Gain-Bandwidth Product (f+) > 1 GHz 

= Power Gain = 30 dB (typ.) at 100 MHz 

= Noise Figure = 3.5 dB (typ.) at 100 MHz 

® Five independent transistors on a common substrate 


Applications: 

= VHF amplifiers @ VHF mixers 

@ Multifunction combinations— ®& IF Converter 
RF/mixer/oscillator = 1F amplifiers 

@ Sense amplifiers @ Synthesizers 

® Synchronous detectors @ Cascade 


amplifiers 


92CS-222!14 


Fig. 1 — Schematic diagram of CA3127E. 


STATIC ELECTRICAL CHARACTERISTICS at Ta, = 25°C 


Collector-to-Base 
Breakdown Voltage ler ere | of ef - | iv 


Collector-to-Substrate 
Breakdown Voltage 

Emitter-to-Base 
Breakdown Voltage* 


DC Forward-Current 
Transfer Ratio 


* 


Base-to-Emitter Voltage 


Collector-to-Emitter aah 
Saturation Voltage Ap eae eg 
Magnitude of Difference 


in VBE Q1 & Q2 Matched 


Maani : 
i of Difference VcE=6V,I¢=1mA 


*When used as a zener for reference voltage, the device must not be subjected to more than 0.1 millijoule of 
energy from any possible capacitance or electrostatic discharge in order to prevent degradation of the 
junction, Maximum operating zener current should be less than 10 mA. 
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Somiee as. 


CHARACTERISTICS TEST CONDITIONS 


I/F Noise Figure f= 100 kHz, Rg =5002,!c=1mA 


Gain-Bandwidth Product | VcE=6 V, IC =5mA 


| =| ra] -_ | 
ae Vee = 6 V, f= 1 MHz 5 = | 


I/f NOISE FIGURE —dB 


(Ke) 
COLLECTOR CURRENT (I¢)—mA gocscsoaon 


Coll -to- 
apacitance | 
Emitter-to-Base 
; VCE = 6 V, f = 10 MHz 
Voltage G ‘ 
fl Bitlis 


Fig. 3 — 1/f noise figure as a function of collector 
current at RSQURCE = 1 kQ. 


AMBIENT TEMPERATURE (Taq)# 25°C H 
COLLECTOR- TO-EMITTER VOLTAGE (Vg) #6 V H 
mereesseeess eSsesessseess 


Noise Figure 


Output Capacitance 
Magnitude of Forward 
Transadmittance 


Ic =1mA 


: Cascode Configuration 
P G 
sku Boas f = 100 MHz, V+ =12V 


Common-Emitter 


Configuration 
VcE=6V 
Ic=1mA 


GAIN~ BANDWIDTH PRODUCT (f,)—GHz 


f = 200 MHz 


cI 
6 7 8 9 
URRENT (Ic)—mA |  92C8-22215 


a Sesee: 


_ 3. 4 § 

COLLECTOR 

Fig. 4 — Gain-bandwidth product as a function of 
collector current. 
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AMBIENT TEMPERATURE (Tq)*28°C Hit 
FREQUENCY (f)*! MHz 


sen 4 je Bee: seses 
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Capacitance (pF) 
Transistor 


Bias 
Voltage 
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! 
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= 
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@ 
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° 


BASE-TO-EMIT TER VOLTAGE (Vac) -——V 


Q2 
Q3 
Q4 
Qs 


6 86 2 4 S258 35 ry neue 
os , see ttt . 
COLLECTOR CURRENT (I¢)—mA 9208-22220 o t 23 4 5 6 7 86 9 10 
aa di oe a ald eet kere Fig. 6(b) — Typical capacitance values at f = 1 MHz. 
Fig. 5 — Base-to-emitter voltage as a function of Fig. 6(a) — Capacitance as a function of bias Three terminal measurement. Guard 
collector current. voltage for Q2. all terminals except those under test. 


AMBIENT TEMPERATURE (Ta)*25°C 
COLLECTOR-TO-EMITTER VOLTAGE (Vc_)*6V 
LOAD RESISTANCE (R,)#002 

FOR TEST CIRCUIT SEE FIG. 20 


VOLTAGE GAIN (A) — dB 


‘ee 
vs 
< 
z 
4 
rc) 
Ww 
a 
5 
re) 
> 


OC FORWARO-CURRENT TRANSFER RATW (hee) 


AMBIENT TEMPERATURE (Ta)=25°C | | NN 
COLLECTOR -TO-EMITTER VOLTAGE (Vcg)*6V 
LOAD RESISTANCE (R,) =| KQ 
19] FOR TEST CIRCUIT SEE FIG. 20 
- 8 2 6 2 


l 2 4 #6 10 4 100 4° 6 78 0900 
FREQUENCY (f)— MHz 92c$-22218 FREQUENCY (f)— MHz 92CS-22217 COLLECTOR CURRENT (Ic)—maA 92¢$~22219 
Fig. 7 — Voltage gain as a function of frequency Fig. 8 — Voltage gain as a function of frequency Fig. 9 — DC forward-current transfer ratio as a 
at R; = 100 2. at R, = 7kQ. function of collector current. 
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CA3127E 


COLLECTOR-TO-EMITTER VOLTAGE (Vc_)=6 V 


FREQUENCY (¢)+ 200 MHz 
jase 


COLLECTOR -TO-EMITTER VOLTAGE (Vce)e6V 


2 
: 
iF S 2 | ] 
3 sé $ NY 
& oA uw 
=2 2 3 y 
Ze — Pad é 
iw € Sw re) e 
24 22 st 3 8 
\g2 oe iy é / 
ry ti "RE ~ - 
b> a 5 ttt > 
§ a8 i ai 2 E 
: ts iy itt 3 
0 | 2 3 4 5 6 7 8 8 W | 
FREQUENCY (f)-— MHz 92cs-22221 COLLECTOR CURRENT (Ic¢)—mA FREQUENCY (f)— Metz 9203-22223 
. $2CS-22222 , : 
Fig. 10 — Input admittance (Y , ;) as a function of Fig. 11 — Input admittance (Y 71) as a function of Fig. 12 — Output admittance (Y 29) as a function of 
frequency. collector current. frequency. 


AMBIENT TEMPERATURE (Tq)#25°C 
COLLECTOR-TO-EMITTER VOLTAGE (Vc_g)*6V 
COLLECTOR CURRENT i!c)*tmA 


AMBIENT TEMPERATURE (Tal=25°C 
COLLECTOR-TO-EMITTER VOLTAGE (Vc_}*6V 
FREQUENCY (f) = 200 MHz 


Hein ES 


AMBIENT TEMPERATURE (Tg):25°C 
COLLECTOR -TO-EMITTER VOLTAGE (VcE)'6V 
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OUTPUT SUSCEPTANCE (bo2)}—mmho 
MAGNITUDE OF FORWARD TRANSADMIT TANCE 
PHASE-ANGLE OF FORWARD TRANSADMIT TANCE 


ite 


oe se ei 

6 188: eucacee 
Be 386 8 
Suaasee: 
om 


oO ! 2 3 4 5 7 € 9 10 FREQUENCY (1)—— Mma 92CS-22226 
COLLECTOR CURRENT (Ic}——mA rer COLLECTOR CURRENT (Ic) —ma site 
Fig. 13 — Output admittance (Y 29) as a function of Fig. 14 — Forward transadmittance (Y 21) as a Fig. 15 — Forward transadmittance (Y 94) as a 
collector current. function of collector current. function of frequency. 


AMBIENT TEMPERATURE (Tg)=25°C vt 
COLLECTOR-TO-EMITTER VOLTAGE (Vcg)*6V AMBIENT TEMPERATURE (Ta)*25°C 

COLLECTOR -TO-EMITTER VOLTAGE (Vcg)*6V 
COLLECTOR CURRENT (Ic)#1mA 
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ADJ. 


F REVERSE TRANSADMIT TANCE 
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7 


(©)2)— DEGREES 


MAGNITUDE OF REVERSE TRANSADMIT TANCE 
(LY ;2 1) —mmro 


MAGNITUDE OF REVERSE TRANSADMIT TANCE 
PHASE-ANGLE OF REVERSE TRANSAOMIT TANCE 


o123 456769 0 he 2 . er S67 Oe Pon, o 
COLLECTOR CURRENT (Ic)-1mA soescekese FREQUENCY (f)-— MHz sees cena 92cs-22241 
Fig. 16 — Reverse transadmittance (Y 7) as a Fig. 17 — Reverse transadmittance (Y 72) as a Fig. 18 — Voltage-gain test circuit using current- 
function of collector current. function of frequency. mirror biasing for Qo. 


This circuit was chosen because it conveniently 
represents a close approximation in performance to 
a properly unilateralized single transistor of this 


1000 TEST. type. The use of Q3 in a current-mirror configu- 


ration facilitates simplified biasing. The use of the 
cascode circuit in no way implies that the tran- 
sistors cannot be used individually. 


92CS~ 22230 
b) Noise Figure Set-Up 


92C5 22229R1 
Fig. 20 — Block diagrams of power-gain and noise- 
Fig. 19 — 100-MHz power-gain and noise-figure test circuit. figure test set-ups. 
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CA3130, CA3130A, CA3130B Types 


BiMOS 
Operational Amplifiers 
With MOS/FET Input, COS/MOS Output 


RCA-CA3130T, CA3130E, CA3130S, CA- 

—3130AT,CA3130AS ,CA3130AE,CA3130BT, 
and CA3130BS are integrated-circuit oper- 
ational amplifiers that combine the advan- 
tages of both COS/MOS and bipolar tran- 
sistors on a monolithic chip. 


Gate-protected p-channel MOS/FET (PMOS) 
transistors are used in the input circuit to 
provide very-high-input impedance, very-low- 
input current, and exceptional speed per- 
formance. The use of PMOS field-effect 
transistors in the input stage results in 
common-mode input-voltage capability down 
to 0.5 volt below the negative-supply ter- 
minal, an important attribute in single-supply 
applications. . 


A complementary-symmetry MOS (COS/ 

MOS) transistor-pair, capable of swinging the 

output voltage to within 10 millivolts of 

either supply-voltage terminal (at very high 

values of load impedance), is employed as 
the output circuit. 


The CA3130 Series circuits operate at supply 
voltages ranging from 5 to 16 volts, or 2.5 
to +8 volts when using split supplies. They 
can be phase compensated with a single ex- 
ternal capacitor, and have terminals for 
adjustment of offset voltage for applications 


Features: 
® MOS/FET input stage provides: 


very high Z; = 1.5 TQ (1.5 x 1012 ©) typ. 


very low I; = 5 pA typ. at 15-V operation 
2 pA typ. at 5-V operation 
®& Common-mode input-voltage range includes 
negative supply rail; input terminals can 
be swung 0.5 V below negative supply rail 
= COS/MOS output stage permits signal swing 
to either (or both) supply rails 


Ideal for 
single-supply 
applications 


requiring offset-null capability. Terminal pro- 


visions are also made to permit strobing of 
the output stage. 


The CA3130 Series is supplied in standard 
8-lead TO-5 style packages (T suffix), 8-lead 
dual-in-line formed lead TO-5 style ‘’DIL- 
CAN” packages (S suffix). The CA3130 is 
available in chip form (H_= suffix). The 
CA3130 and CA3130A are also available 
in the Mini-DIP 8-lead dual-in-line plastic 
package (E suffix). All types operate over 
the full military-temperature range of —55°C 
to +125°C. The CA3130B is intended 
for applications requiring premium-grade 
specifications and with limits established 
for: input current, temperature coefficient 
of input-offset voltage, and gain over the 
range of —55°C to +125°C. The CA3130A 
offers superior input characteristics over 
those of the CA3130. 


a ee + 
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| ea. fe | 
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| | | | 
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|; SECOND 
07 08 | STAGE | 
NON- INV, | | | | OUTPUT 
INPUT | | | | | | STACE | 
(3)> | | r Qs | 
| | 
INV.-INPUT | Q6é Q7 | | | | ouTPUT 
| R4 | | 1+-© 
| 1k2 i | | 
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Qi2 
, | 
| 
| 
| l 
| | 
yt Sr ee ee cee, A eee ho 
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NOTE: 


DIODES D5 THROUGH D8 PROVIDE GATE-OXIDE PROTECTION 


FOR MOS/FET INPUT STAGE. 


92CM-24714RI 


Fig.1 — Schematic diagram of the CA3130 Series. 
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® Low Vic: 2 mV max. (CA3130B) 
Wide BW: 15 MHz typ. (unity-gain crossover) 
High SR: 10 V/us typ. (unity-gain follower) 
High output current (Ig): 20 mA typ. 
High Ap ,: 320,000 (110 dB) typ. 
Compensation with single external capacitor 
Applications: 
® Ground-referenced single-supply amplifiers 
= Fast sample-hold amplifiers 
® Long-duration timers/monostables 
® High-input-impedance comparators 

(ideal interface with digital COS/MOS) 
High-input-impedance wideband amplifiers 
® Voltage followers 

(e.g., follower for single-supply D/A 
converter) 

® Voltage regulators 

(permits control of output voltage 

down to zero volts) 
Peak detectors 
Single-supply full-wave precision rectifiers 
Photo-diode sensor amplifiers 


(4)v- ANO CASE 
TOP VIEW 92CS- 24713 
S and T Suffixes 


TOP VIEW 


92Cs-29086 


E Suffix 


Fig. 2 — Functional diagrams for the CA3130 series. 


CA3130, CA3130A, CA3130B Types 


MAXIMUM RATINGS, Abso/ute-Maximum Values 
DC SUPPLY VOLTAGE 


(Between V+ and V~ Terminals) ........ 16V TEMPERATURE RANGE: . 
DIF FERENTIAL-MODE OPERATING (all types) ..... —55 to + 125°C 
Ae Me allele e ee ere +8V STORAGE (ail types) ........ —65 to + 150°C 
INPUT VOLTAGE... (V+ +8 V) to (V7 —0.5 V) QUTEUT SHORT-CIRCUT: ae INDEFINITE 
INPUT-TERMINAL CURRENT ......... I1mA LEAD TEMPERATURE : 
DEVICE DISSIPATION: (DURING SOLDERING): 
WITHOUT HEAT SINK — AT DISTANCE 1/16 + 1/32 INCH 
UP FOSS" C ica sewers tant ee ae 630 mW (1.59 £0.79 mm) FROM CASE 
ABOVE 55°C .... Derate linearly 6.67 mwW/°C FOR 10 SECONDS MAX..... +265°C 
WITH HEAT SINK — EE 
BT 126 OC et aa behen pete ess 418 mw *Short circuit may be applidd to ground or to either 
BELOW 125°C ... Derate linearly 16.7 mW/CC supply. sos © peers 
NULL 


TOTAL SUPPLY VOLTAGE (FOR INDICATED VOLTAGE GAINS) «I5 V 
* WITH INPUT MSababneel Save SO THAT TERM.6 POTENTIAL 
{S$ +75 V ABOVE TER 


ELECTRICAL CHARACTERISTICS at Ta=25°C, vte15 V, v- =0V (Unless otherwise specified) with ouTPUT dal ombae TO EITHER SUPPLY RAIL. 
LIMITS 92C$- 24718 


Titin. | Typ. | Max. | Min. | Typ.[ Max. | Min. | Typ. | Max 


input Offset Voltage, 
Viol. V*=t7.5 V 
Input Offset Current, 20 
iol. V*=#7.5 Vv 
oe Current, | 

ra Sanaaee, 
ee Van fp [sae 
Gain AOL 

ie a [ve 


Vo=10 Vp. -p 


ig. 3 — k di f the CA3130 jes. 
CHARACTERISTIC Fig. 3 — Block diagram of the CA3 Series 
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OPEN-LOOP VOLTAGE GAIN (Ag,)—48 
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10 ioe ~=— 103 —S ss 10S 108s t® st”? 
FREQUENCY (f) — Hz 


Ry =2kQ 


92CS— 24716 


Common-Mode inoue 
Fig. 4 — Open-loop voltage gain and phase shift 
wOlteoE Range: VICR vs. frequency for various values of 


CL, Co. and R,.- 


Power-Supply Rejection 
Ratio, aioe’ 
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— 
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Maximum Output sae 
Voltage: HH 
Vom’ | 12 | 13.3 12 | 13.3 12°:|-13.3 HH 
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on 


OPEN—LOOP VOLTAGE GAIN (Ayo, ) — 48 


Maximum Output 
Current: 

lom* (Source) @ 

Vo=0V 

lom (Sink) @ 

Vo=15V 


° 50 
AMBIENT TEMPERATURE (Ta) — °C = gacs~2e717 
Fig. 5 — Open-loop gain vs. temperature. 
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GATE VOLTAGE (Vg) [TERMS 4 6]—V s2cs- 24718 


Large-Signal Voltage 320 k ies 
Fig. 6 — Voltage transfer characteristics of 


* Ty =—55 to +125°C, V 4.4+75V (and AVig/ AT), Vo = 10 Vpn and Ry = 2k 02 (AQ). COS/MOS output stage. 
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CA3130, CA3130A, CA3130B Types 


TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE ve togresemesinire 
ne RESISTANCE {R,)* © 


TEST 
CONDITIONS 


vt=+75V 
V-~=-7.5V | 
CHARACTERISTIC Tp = 25°C CA3130B | CA3130A | CA3130 
(Unless Other- (T,S) 
a2 wise Specified) 
Input Offset Voltage 10 kQ across 
Adjustment Range Terms. 4 and 5 


7 16 
TOTAL SUPPLY VOLTAGE (vt) — 
or 4 and 1 ae a 


92CS-28574 
Input Resistance, Rj boo tl Fig. 7 — Quiescent supply current vs. supply voltage. 
f = 1 MHz 
TEE 
san 
HH Hy Fill 
4 


—mA 
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o 


QUIESCENT SUPPLY CURRENT (I+) 


Equivalent Input Noise BW = 0.2 MHz 
Voltage, e,, 


Unity Gain Crossover 


Frequency, fy 


Slew Rate, SR: 
Open Loop 
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Transient Response: 
Rise Time, t, 


TOTAL SUPPLY VOLTAGE (v+) —V 
Overshoot Cea 


(Voltage Fig. 8 — 
" g. Quiescent supply current vs. supply voltage 
Settling Time (4 Vo-p Follower) at several temperatures. 

Input to <0.1%) | 


4) | NEGATIVE SUPPLY VOLTAGE (V~ deOV a 

; wy janlenr rewrenarone tra) as-et tT UTE [TTT 

* Although a 1-M& source is used for this test, the equivalent input noise remains constant for values of Rg fF o-oo te 1] 

up to 10 MQ. iL co oo? Se ee oes 
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CHARACTERISTIC eo be CA3130B | CA3130A | CA3130 0 bent ER ttt tt 

Ta =25 (T.S) (T.S.E) = neo, am SE ee OO 

(Unless Other- oe aks a i 7? 

: eee 777 as a 

wise Specified) Gate 4 aa + . <oe). a Se. 


Input Offset Voltage, Vig | | 
Input Offset Current, l1o ee ae 
input Current, | he el ee 


MAGNITUDE OF LOAD CURRENT (I, })— mA 
92CS~2472) 
Fig. 9 — Voltage across PMOS output transistor 
(Q8) vs. load current. 


Common-Mode Rejection | 8 jawelent vewpenaTure (ra)+25ce( [1 [ 
J < of See eye 
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5S ty 
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of 8 A AA 

esaaue Mode Input Bo an Pet 

Voltage Range, Vicr Oto 2.8 0 to 2.8 0 to 2.8 <3 8 Toone 

gr, CE et 

5 St ek Fae ee 

Supply Current, 1* ae al Eerste ety 

) of W) Sil ae ee 

, : 0.001" rte : * #ho * $50 


MAGNITUDE OF LOAD CURRENT (I,)— mA 


Power Supply Rejection 92C8-24722 
Ratio AVi9/AV* 200 uv/V Fig. 10 — Voltage across NMOS output transistor 


(Q12) vs. load current. 


220 


CIRCUIT DESCRIPTION 


Fig. 3 is a block diagram of the CA3130 
Series COS/MOS Operational Amplifiers. The 
input terminals may be operated down to 
0.5 V below the negative supply rail, and the 
output can be swung very close to either 
supply rail in many applications. Conse- 
quently, the CA3130 Series circuits are ideal 
for single-supply operation. Three Class A 
amplifier stages, having the individual gain 
capability and current consumption shown 
in Fig. 3, provide the total gain of the 
CA3130. A biasing circuit provides two 
potentials for common use in the first and 


second stages. Term. 8 can be used both for 
phase compensation and to strobe the output 
stage into quiescence. When Term. 8 is tied 
to the negative supply rail (Term. 4) by 
mechanical or electrical means, the output 
potential at Term. 6 essentially rises to the 
positive supply-rail potential at Term. 7. 
This condition of essentially zero current 
drain in the output stage under the strobed 
“OFF” condition can only be achieved when 
the ohmic load resistance presented to the 
amplifier is very high (e.g., when the amplifier 
output is used to drive COS/MOS digital 
circuits in comparator applications). 


Input Stages—The circuit of the CA3130 is 
shown in Fig. 1. It consists of a differential- 
input stage using PMOS field-effect tran- 
sistors (O6, Q7) working into a mirror-pair 
of bipolar transistors (Q9, Q10) functioning 
as load resistors together with resistors R3 
through R6. The mirror-pair transistors also 
function as a differential-to-single-ended con- 
verter to provide base drive to the second- 
stage bipolar transistor (Q11). Offset nulling, 
when desired, can be effected by connecting 
a 100,000-ohm potentiometer across Terms. 
1 and 5 and the potentiometer slider arm to 
Term. 4. Cascode-connected PMOS transistors 
Q2, O4 are the constant-current source for 
the input stage. The biasing circuit for the 
constant-current source is subsequently de- 
scribed. The small diodes D5 through D8 
provide gate-oxide protection against high- 
voltage transients, e.g., including static elec- 
tricity during handling for Q6 and Q7. 


Second-Stage—Most of the voltage gain in the 
CA3130 is provided by the second amplifier 
stage, consisting of bipolar transistor Q11 
and its cascode-connected load resistance 
provided by PMOS transistors Q3 and Q5. 
The source of bias potentials for these PMOS 
transistors is subsequently described. Miller- 
Effect compensation (roll-off) is accom- 
plished by simply connecting a small capa- 
citor between Terms. 1 and 8. A 47-picofarad 
Capacitor provides sufficient compensation 
for stable unity-gain operation in most 
applications. 


Bias-Source Circuit—At total supply voltages, 
somewhat above 8.3 volts, resistor R2 and 
zener diode 21 serve to establish a voltage of 
8.3 volts across the series-connected circuit, 
consisting of resistor R1, diodes D1 through 
D4, and PMOS transistor Q1. A tap at the 
junction of resistor R1 and diode D4 provides 
a gate-bias potential of about 4.5 volts for 
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PMOS transistors Q4 and QO5 with respect to 
Term. 7. A potential of about 2.2 volts is 
developed across diode-connected PMOS tran 
sistor Q1 with respect to Term. 7 to provide 
gate bias for PMOS transistors Q2 and Q3. It 


should be noted that Q1 is “‘mirror-con- 
nected”t to both Q2 and Q3. Since tran- 
sistors Q1, Q2, Q3 are designed to be iden- 
tical, the approximately 200-microampere 
current in Q1 establishes a similar current in 
Q2 and Q3 as constant-current sources for 
both the first and second amplifier stages, 
respectively. 


At total supply voltages somewhat less than 
8.3 volts, zener diode Z1 becomes non- 
conductive and the potential, developed 
across series-connected R1, D1-D4, and Q1, 
varies directly with variations in supply 
voltage, Consequently, the gate bias for 4, 
Q5 and Q2, O3 varies in accordance with 
supply-voltage variations. This variation re- 
sults in deterioration of the power-supply- 
rejection ratio (PSRR) at total supply volt- 
ages below 8.3 volts. Operation at total sup- 
ply voltages below about 4.5 volts results in 
seriously degraded performance. 


Output Stage—The output stage consists of a 
drain-loaded inverting amplifier using COS/ 
MOS transistors operating in the Class A 
mode. When operating into very high resist- 
ance loads, the output can be swung within 
millivolts of either supply rail. Because the 
output stage is a drain-loaded amplifier, its 
gain is dependent upon the load impedance. 
The transfer characteristics of the output 
stage for a load returned to the negative 
supply rail are shown in Fig. 6. Typical op- 
amp loads are readily driven by the output 
stage. Because large-signal excursions are non- 
linear, requiring feedback for good waveform 
reproduction, transient delays may be en- 
countered. As a voltage follower, the ampli- 
fier can achieve 0.01 per cent accuracy levels, 
including the negative supply rail. 


Input Current Variation with Common- 
Mode Input Voltage 


As shown in the Table of Electrical Charac- 
teristics, the input current for the CA3130 
Series Op-Amps is typically 5 pA at T 4=25°9C 
when terminals 2 and 3 are at a common- 
mode potential of +7.5 volts with respect to 
negative supply Terminal 4. Fig.11 contains 
data showing the variation of input current 
as a function of common-mode input voltage 
at Ta = 25°C. These data show that circuit 
designers can advantageously exploit these 
characteristics to design circuits which typi- 
cally require an input current of less than 1 
pA, provided the common-mode input volt- 
age does not exceed 2 volts. As previously 
noted, the input current is essentially the 
result of the leakage current through the 


tFor general information on the characteristics 
of COS/MOS transistor-pairs in linear-circuit 
applications, see File No. 619, data bulletin on 
CA3600E ‘’COS/MOS Transistor Array’’. 


gate-protection diodes in the input circuit 
and, therefore, a function of the applied 


AMBIENT TEMPERATURE (Tc )=25°C 
sausaas saeneens 


in7¥ 


> 
wl 
< 
- 
ad 
°o 
> 
e- 
2 
a . 
2 


INPUT CURRENT (I )— pA 
92C8- 29089 


Fig.11 — Input current vs. common-mode voltage. 


voltage. Although the finite resistance of the 
glass terminal-to-case insulator of the TO-5 
package also contributes an increment of 
leakage current, there are useful compensa- 
ting factors. Because the gate-protection net- 
work functions as if it is connected to 
Terminal 4 potential, and the TO-5 case of 
the CA3130 is also internally tied to Term- 
inal 4, input terminal 3 is essentially “guarded” 
from spurious leakage currents. 


Offset Nulling 


Offset-voltage nulling is usually accomplished 
with a 100,000-ohm potentiometer con- 
nected across Terms. 1 and 5 and with the 
potentiometer slider arm connected to Term. 
4. A fine offset-null adjustment usually can 


_be effected with the slider arm positioned in 


the mid-point of the potentiometer’s total 
range. 

Input-Current Variation with Temperature 
The input current of the CA3130 Series cir- 
cuits is typically 5 pA at 25°C. The major 
portion of this input current is due to leakage 
current through the gate-protective diodes in 
the input circuit. As with any semiconductor- 
junction device, including op amps with a 
junction-FET input stage, the leakage cur- 
rent approximately doubles for every 10°C 
increase in temperature. Fig.12 provides data 


on the typical variation of input bias current 
as a function of temperature in the CA3130. — 
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Fig.12 — Input current vs. ambient temperature. 


In applications requiring the lowest practical 
input current and incremental increases in 
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current because of ‘‘warm-up” effects, it is 
suggested that an appropriate heat sink be 
used with the CA3130. In addition, when 
“sinking” or “‘sourcing’’ significant output 
current “the chip temperature increases, 
causing an increase in the input current. In 
such cases, heat-sinking can also very mar- 
kedly reduce and stabilize input current 
variations. 


Input-Offset-Voltage (Vj¢) Variation with 
DC Bias vs. Device Operating Life 


It is well known that the characteristics of a 
MOS/FET device can change slightly when a 
dc gate-source bias potential is applied to the 
device for extended time periods. The magni- 
tude of the change is increased at high tem- 

peratures. Users of the CA3130 should be 

alert to the possible impacts of this effect if 

the application of the device involves ex- 

tended operation at high temperatures with a 

significant differential dc bias voltage applied 

across Terms. 2 and 3. Fig.13 shows typical 

data pertinent to shifts in offset voltage 

encountered with CA3130 devices (TO-5 
package) during life testing. At lower tem- 
peratures (TO-5 and plastic), for example 
at 85°C, this change in voltage is con- 

siderably less. In typical linear applica- 

tions where the differential voltage ‘is small 

and symmetrical, these incremental changes 
are of about the same magnitude as those 

encountered in an operational amplifier em- 
' ploying a bipolar transistor input stage. The 
two-volt dc differential voltage example rep- 
resents conditions when the amplifier output 
stage is ‘“‘toggled’’, e.g., as in comparator 
applications. 
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Fig.13 — Typical incremental offset-voltage shift 
vs. operating life. 


Power-Supply Considerations 


Because the CA3130 is very useful in single- 
supply applications, it is pertinent to review 
some considerations relating to power-supply 
current consumption under both single- and 
dual-supply service. Figs. 14a and 14b show 
the CA3130 connected for both dual- and 
single-supply operation. 


Dual-supply operation: When the output 
voltage at Term. 6 is zero-volts, the currents 
supplied by the two power supplies are equal. 
When the gate terminals of Q8 and Q12 are 


driven increasingly positive with respect to | 


ground, current flow through Q12 (from the 
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negative supply) to the load is increased and 
current flow through Q8 (from the positive 
supply) decreases correspondingly. When the 
gate terminals of Q8 and Q12 are driven in- 
creasingly negative with respect to ground, 
current flow through Q8 is increased and 
current flow through Q12 is decreased 
accordingly. 


Single-supply operation: Initially, let it be 
assumed that the value of Ry is very high 
(or disconnected), and that the input-terminal 
bias (Terms. 2 and 3) is such that the out- 
put terminal (No. 6) voltage is at V+/2, i.e., 
the voltage-drops across O8 and Q12 are of 
equal magnitude. Fig. 7 shows typical quies- 
cent supply-current vs. supply-voltage for the 
CA3130 operated under these conditions. 
Since the output stage is operating as a 
Class A amplifier, the supply-current will 
remain constant under dynamic operating 
conditions as long as the transistors are 
operated in the linear portion of their 
voltage-transfer characteristics (see Fig. 6). 
If either Q8 or Qi2 are swung out of their 
linear regions toward cut-off (a non-linear 
region), there will be a corresponding re- 
duction in supply-current. In the extreme 
case, e.g., with Term. 8 swung down to 
ground potential (or tied to ground), NMOS 
transistor Q12 is completely cut off and the 
supply-current to series-connected transistors 
Q8, Q12 goes essentially to zero. The two 
preceding stages in the CA3130, however, 
continue to draw modest supply-current (see 
the lower curve in Fig. 7) even though the 
output stage is strobed off. Fig. 14a shows a 
dual-supply arrangement for the output stage 
that can.also be strobed off, assuming Ri =~, 
by pulling the potential of Term. 8 down to 
that of Term. 4. 


Let it now be assumed that a load-resistance 
of nominal value (e.g., 2 kilohms) is con- 
nected between Term. 6 and ground in the 
circuit of Fig.14b. Let it further be assumed 
again that the input-terminal bias (Terms. 2 
and 3) is such that. the output terminal (No. 
6) voltage is a V*+/2. Since PMOS transistor 
Q8 must now supply quiescent current to 
both RL and transistor Q12, it should be 
apparent that under these conditions the 
supply-current must increase as an inverse 
function of the Ri magnitude. Fig. 9 shows 
the voltage-drop across PMOS transistor Q8 
as a function of load current at several supply- 
voltages. Fig. 6 shows the voltage-transfer 
characteristics of the output stage for several 
values of load resistance. 


Wideband Noise 


From the standpoint of low-noise perform- 
ance considerations, the use of the CA3130 
is most advantageous in applications where 
in the source resistance of the input signal is 
in the order of 1 megohm or more. In this 
case, the total input-referred noise voltage 
is typically only 23 wV when the test-circuit 
amplifier of Fig. 15 is operated at a total 
supply voltage of 15 volts. This value of 
total input-referred noise remains essentially 
constant, even though the value of source 
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Fig.14 = CA3130 output stage in dual and single 
power-supply operation. 


BW (-3dB)=200 kHz . 
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TO INPUT) =23,V TYP. 
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Fig.15 — Test-circuit arnplifier (30-dB gain) used 
. for wideband noise measurements. 


resistance is raised by an order of magnitude. 
This characteristic is due to the fact that 
reactance of the input capacitance becomes a 
significant factor in shunting the source 
resistance. It should be noted, however, that 
for values of source resistance very much. 
greater than 1 megohm, the total noise 
voltage generated can be dominated by the 
thermal notse contributions of both the 
feedback and source resistors. 


TYPICAL APPLICATIONS 


Voltage Followers 


Operational amplifiers with very high input 
resistances, like the CA3130, are particularly 


suited to service as voltage followers. Fig. 16 
shows the circuit of a classical voltage 
follower, together with pertinent waveforms 
using the CA3130 in a split-supply config- 
uration. 


A voltage follower, operated from a single 
supply, is shown in Fig. 17, together with 
related waveforms. This follower circuit is 
linear over a wide dynamic range, as illus- 


trated by the reproduction of the output: 


+75 V 


BW (- 3. dB)= 4 MHz 
SR=10 V/ps 
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Top Trace: Output 
Bottom Trace: tnput 
(a) Small-signal response (50 mV/div. 
and 200 ns/div.) 
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Top Trace: Output signal (2 V/div. 
and 5 us/div.) 
Center Trace: Difference signal (5 mV/div. 
and 5 us/div.) 
Bottom Trace: Input signal (2 V/div. 
and 5 us/div.) 

(b) Input-output difference signal showing 
settling time (Measurement made with 
Tektronix 7A13 differential amplifier) 


. Fig. 16 — Split-supply voltage follower with 
associated waveforms. 
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waveform in Fig. 17a with input-signal 
ramping. The waveforms in Fig. 17b show 
that the follower does not lose its input-to- 
output phase-sense, even though the input is 


being swung 7.5 volts below ground potential. 


This unique characteristic is an important 
attribute in both operational amplifier and 
comparator applications. Fig. 17b also shows 
the manner in which the COS/MOS output 
stage permits the output signal to swing down 
to the negative supply-rail potential (i.e., 
ground in the case shown). The digital-to- 
analog converter (DAC) circuit, described in 
the following section, illustrates the practical 
use of the CA3130 in a single-supply voltage- 
follower application. 
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(a) Output-waveform with input-signal ramping 
(2 V/div. and 500 us/div.) 


Top Trace: Output (5 V/div. and 200 us/div.) 
Bottom Trace: Input (5 V/div. and 200 us/div.) 
(b) Output-waveform with ground-reference 
sine-wave input 


Fig.17 — Single-supply voltage-follower with 
associated waveforms. (e.g., for use 
in single-supply D/A converter; see 
Fig.9 in 1CAN-6080). 


9-Bit COS/MOS DAC 

A typical circuit of a 9-bit Digital-to-Analog 
Converter (DAC)* is shown in Fig.18 This 
system combines the concepts of multiple- 
switch COS/MOS IC’s, a low-cost ladder 
network of discrete metal-oxide-film resistors, 
a CA3130 op amp connected as a follower, 
and an inexpensive monolithic regulator ina 
simple single power-supply arrangement. An 
additional feature of the DAC is that it is 
readily interfaced with COS/MOS input logic, 
e.g., 10-volt logic levels are used in the circuit 
of Fig.18. 


The circuit uses an R/2R_ voltage-ladder 
network, with the output potential obtained 
directly by terminating the ladder arms at 
either the positive or the negative power- 
supply terminal. Each CD4007A contains 
three “inverters’’, each “inverter” function- 
ing as a single-pole double-throw switch to 
terminate an arm of the R/2R network at 
either the positive or negative power-supply 
terminal. The resistor ladder is an assembly 
of one per cent tolerance metal-oxide film 
resistors. The five arms requiring the highest 
accuracy are assembled with series and 
parailel combinations of 806,000-ohm re- 
sistors from the same manufacturing lot. 


A single 15-volt supply provides a positive 
bus for the CA3130 follower amplifier and 
feeds the CA3085 voltage regulator. A 
“scale-adjust’’ function fs provided by the 
regulator output control, set to a nominal 
10-volt level in this system. The line-voltage 
regulation (approximately 0.2%) permits a 
9-bit accuracy to be maintained with varia- | 
tions of several volts in the supply. The 
flexibility afforded by the COS/MOS building 
blocks simplifies the design of DAC systems 
tailored to particular needs. 


Single-Supply, Absolute-Value, Ideal Full- 
Wave Rectifier 


The absolute-value circuit using the CA3130 
is shown in Fig. 19. During positive excur- 
sions, the input signal is fed through tne 
feedback network directly to the output. 
Simultaneously, the positive excursion of the 
input signal also drives the output termi- 
nal (No. 6) of the inverting amplifier in a 
negative-going excursion such that the 1N914 
diode effectively disconnects the amplifier 
from the signal path. During a negative-going 
excursion of the input signal, the CA3130 
functions as a normal inverting amplifier with 
a gain equal to —R2/R1. When the equality 
of the two equations shown in Fig. 19 is 
satisfied, the full-wave output is symmetrical. 


Peak Detectors 


Peak-detector circuits are easily implemented 
with the CA3130, as illustrated in Fig. 20 
for both the peak-positive and the peak- 
negative circuit. It should be noted that with 
large-signal inputs, the bandwidth of the 


*" Digital-to-Analog Conversion Using the 
RCA-CD4007A COS/MOS IC’’, Application 
Note ICAN-6080. 
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Fig.18 — 9-bit DAC using COS/MOS digital switches and CA3130. 
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Top Trace: Output signal (2 V/div.) 
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Fig.19 — Single-supply, absolute-value, ideal full-wave 
rectifier with associated waveforms. 
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BW(~3 dB)= 320 kHz 


(b) PEAK NEGATIVE DETECTOR CIRCUIT 
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_ Fig.20 — Peak-detector circuits. 


Error-Amplifier in Regulated-Power Supplies 


The CA3130 is an ideal choice for error- 
amplifier service in regulated power supplies 
since it can function as an error-amplifier 
when the regulated output voltage is re- 
quired to approach zero. Fig. 21 shows the 
schematic diagram of a 40-mA power supply 
capable of providing regulated output volt- 
age by continuous adjustment over the range 
from 0 to 13 volts. Q3 and Q4 in IC2 (a 
CA3086 transistor-array IC) function as 
zeners to provide supply-voltage for the 
CA3130 comparator (IC1). Q1, Q2, and 
Q5 in 1C2 are configured as a low impedance, 
temperature-compensated source of adjust- 
able reference voltage for the error amplifier. 
Transistors Q1, Q2, Q3, and Q4 in IC3 
(another CA3086 transistor-array IC) are 
connected in parallel as the series-pass ele- 
ment. Transistor Q5 in IC3 functions as a 
current-limiting device by diverting base 
drive from the series-pass transistors, in 
accordance with the adjustment of resistor 


R2. 


Fig. 22 contains the schematic diagram of a 
regulated power-supply capable of providing 
regulated output voltage by continuous ad- 
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Fig.22 — Voltage regulator circuit (0.1 to 50 V at 1 A). 


justment over the range from 0.1 to 50 volts 
and currents up to 1 ampere. The error 
amplifier (1C1) and circuitry associated with 
1C2 function as previously described, al- 
though the output of [C1 is boosted by a 
discrete transistor (Q4) to provide adequate 
base drive for the Darlington-connected series- 
pass transistors Q1, Q2. Transistor Q3 func- 
tions in the previously described current- 
limiting circuit. 


Multivibrators 


The exceptionally high input resistance pre- 
sented by the CA3130 is an attractive feature 
for multivibrator circuit design because it 
permits the use of timing circuits with high 
R/C ratios. The circuit diagram of a pulse 
generator (astable multivibrator), with pro- 
visions for independent control of the ‘‘on”’ 
and “‘off’’ periods, is shown in Fig. 23. 
Resistors R1 and R2 are used to bias the 
CA3130 to the mid-point of the supply-volt- 
age and R3 is the feedback resistor. The 
pulse repetition rate is selected by position- 
ing S1 to the desired position and the rate 
remains essentially constant when the re- 
sistors which determine ‘‘on-period’’ and 
“off-period”’ are adjusted. 


Function Generator 


Fig. 24 contains a schematic diagram of a 
function generator using the CA3130 in the 
integrator and threshold detector functions. 
This circuit generates a triangular or square- 
wave output that can be swept over a 
1,000,000:1 range (0.1 Hz to 100 kHz) by 
means of a single control, R1. A voltage- 
control input is also available for remote 
sweep-control. 


The heart of the frequency-determining sys- 
tem is an operational-transconductance-ampli- 
fier (OTA)*, 1C1, operated as a voltage-con- 
trolled current-source. The output, !0, is a 
current applied directly. to the integrating 
capacitor, C1, in the feedback loop of the 
integrator IC2, using a CA3130, to provide 
the triangular-wave output. Potentiometer 
R2 is used to adjust the circuit for slope 
symmetry of positive-going and negative- 
going signal excursions. 


Another CA3130, IC3, is used as a controlled 
switch to set the excursion limits of the 
triangular output from the integrator circuit. 
Capacitor C2 is a “‘peaking adjustment” to 
optimize the high-frequency square-wave 
performance of the circuit. 


Potentiometer R3 is adjustable to perfect the 
“amplitude symmetry’ of the square-wave 
output signals. Output from the threshold 
detector is fed back via resistor R4 to the 
input of IC1 so as to toggle the current 
source from plus to minus in generating the 
linear triangular wave. 


“See File No. 475 and ICAN-6668. 
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Fig.23 — Pulse generator (astable multivibrator) with 
provisions for independent control of “ON” 
and “OFF” periods. 
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*SEE FILE NO. 475 AND ICAN~6668 


FOR TECHNICAL INFORMATION 
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Fig. 24 — Function generator (frequency can be varied 
1,000,000/1 with a single contro/). 


Operation with Output-Stage Power-Booster 
The current-sourcing and -sinking capability 
of the CA3130 output stage is easily sup- 
plemented to provide power-boost capability. 
In the circuit of Fig. 25, three COS/MOS 
transistor-pairs in asingle CA3600E* IC array 
are shown parallel connected with the output 
stage in the CA3130. In the Class A mode of 
CA3600E shown, a typical device consumes 
20 mA of supply current at 15-V operation. 
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This arrangement boosts the current-handling 
capability of the CA3130 output stage by 
about 2.5X. 


The amplifier circuit in Fig. 25 employs 
feedback to establish a closed-loop gain of 
48 dB. The typical large-signal bandwidth 
(—3 dB) is 50 kHz. | 


“See File No. 619 for technical information. 


CA3130, CA3130A, CA3130B Types 


| pF Tca3600E* al 


pi pe p3 
750 kQ 
(3) 
INPUT i 2*a © 
k 
o-) (2) 
| BF (8) 


AvicL) = 48 4B 


LARGE SIGNAL 
BW(-3 dB) = 50 kHz 


| 
| 
| 
| 
| 
| 


ae 


Ri* 100 2 
(Po=!50 mW 


AT THO® 
10 %) 


NOTE: *SEE FILE NO. 619 


TRANSISTORS pl, p2,93 AND ni,n2,n3 ARE 
PARALLEL - CONNECTED WITH Q8 AND Qi2, 
RESPECTIVELY, OF THE CA3/i30 
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Fig. 25 — COS/MOS transistor array (CA3600E) 
connected as power-booster in the 
outpot stage of the CA3130. 


56-64 
(1.423 ~ 1.625) 


3.3-4.3 
(0.084-0.109) 


4-i0 
(0.102 -0.254) 


67-75 
(1.701 - 1.905) 
92CS - 25243 


The photographs and dimensions represent a chip 


Dimensions in parentheses are in millimeters and when it is part of the wafer. When the wafer is 
are derived from the basic inch dimensions as in- cut into chips, the cleavage angles are 57° in- 
dicated. Grid graduations are in mils ( 10-3 inch). stead of 90° with respect to the face of the chip. 


Therefore, the isolated chip is actually 7 mils 
(0.17 mm) larger in both dimensions. 


Dimensions and Pad Layout for CA3130H. 
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CA3138G, CA3138AG Types 


Preliminary Data 


High-Current, High-Beta Features: 


® High Current —1A 


N-P-N Transistor Arrays ® High Beta — 95 min. at Ip = 500 mA, Veg = 5 V 
: @ Low Vcg (SAT) —0.4 V max. at I¢ = 500 mA, Ip = 12.5 mA 
_ Hermetic Gold-CHIP Type For Industrial, Commercial, ® “Hermetic Gold-CHIP” Construction Anidicatiane: 
and Military Applications | ® Silicon Nitride Passivated pplications. 
Four Isolated Discrete Sealed-Junction High-Current . ® Platinum Silicide Ohmic Contacts ® High-Current LED Driver 


N-P-N Transistors 


The RCA-CA3138G and CA3138AG are high- 
current n-p-n transistor arrays containing 
four isolated (discrete) sealed-junction high- 
current n-p-n transistors. They are intended 


for high-current, high-speed switching and | 


driver applications. 


The CA3138AG has all the features and 
characteristics of the CA3138G but is in- 
tended for applications requiring premium 
grade specifications —— higher rating for 
Vcpo of 25 volts and limits established for 


IcEo. 'EBo, and hee at 10 mA. 
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Fig. 4—-heevste 
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= Gold-CHIP Interconnect Metallization ™ Relay and Solenoid Driver 
and Gold Bonding Pads @ Lamp Driver 


The CA3138G and CA3138AG are supplied 
in a 14-lead dual-in-line plastic package and 
operate over the full military temperature 
range of —55°C to +125°C. The transistor 
chip used for these types is of the sealed- 
junction type to provide protection against 
the deteriorating effects of humidity and 
other surface contaminants without the 
need for a hermetic package enclosure. 


The semiconductor junctions are sealed by 
a silicon nitride passivation layer. A multi- 


92CS -24299 


layered, highly corrosion-resistant, terminal Fig: 0 S-Termivel diageshi top view) 


connection system of unique design is 
employed. 


MAXIMUM RATINGS, Absolute-Maximum 


Values 
COLLECTOR-TO—EMITTER 
VOLTAGE ............. 15 V 
With Base n(V 
Peden eee: 
TO) cot tector-ro-sase 
ee en ae ae a hehe 
NO OS ee a erg ecl 
$ tH} at CA3138G 20 Vv 
: vagina fe CA3138AG 25 V 
cc) Vpetsat) 
bo eT eurrento-sase 
to] 
ae oe ie 2 a a VOLTAGE .....--... 5 V 
2 6 a ee With Collector Open (Vegg¢) | 
Se a alee = ag COLLECTOR CURRENT (Ic) 1 A 
ce cane ed i POWER DISSIPATION (Pp): 
Le Neigiitemgrey ole Lt At Tp up to 25 C: | 
oft ttt tot CO Pe ies ales For Each Transistor .... 1 W 
Ok ie ee a fo. Ot Total Package ......... 2 Ww 
COLLECTOR CURRENT (I )—mA ena At Tp above 25°C derate ; 
linearly ..........020. 20 mw/ C 
Fig. 3— Vsaz vs IC AMBIENT TEMPERATURE 
RANGE: 
Operating ............. —55to+125 “°C 
Storage ...........00- —65to+150 °C 
LEAD TEMPERATURE 
; (DURING SOLDERING): 


6 AMBIENT TEMPERATURE (Ta)= 25°C : : 
At distance 1/16 + 1/32 inch 


(1.59 + 0.79 mm) from case 
for 10 seconds max. ..... 265 C 


fe) 


CAPACITANCE —pF 


Bb 7 oO 


REVERSE VOLTAGE (V_)~-V 
92CS- 28484 


Fig. §- Cog. CcE vs Vp 


CA3138G, CA3138AG Types 


ELECTRICAL CHARACTERISTICS at Tp = 25°C 


Test Conditions 


Collector-to-Emitter Sustaining ic=1mA, Ig =0 15 20 15 20 Vv 
Voltage, Vee (sus)* 


Characteristic 
Collector-to-Emitter Breakdown Io = 10 nA 
Voltage, V(BR)CES 


Emitter-to-Base Breakdown le = 10uA, Ic =0 
Voltage, VigR)EBO 

Base-to-Emitter Saturation. Ic = 500 mA, Ip=12.5mA| 0.7 10.81 
Voltage, Vg (sat)* 

Collector-to-Emitter Saturation I¢=500 mA, Ig = 12.5mA 
Voltage, Vcg(sat)* 


a 

[cso [vesssv = fos] || 
ee [el 
= 


pe 
= 
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Ea 
Dy 
N 


Collector-Cutoff 
Current 


Ic = 100mA, Vcp=5y 


ro vega [oe [v0 os Jo [woo 
I= 1A, Vop=5V | 40 [170 


Small-Signal Forward Current Ic =50mA, Veg = 10V, 9 
Transfer Ratio, hg, f = 100 MHz 

Collector-to-Base Veg = 10V, Ie =0 18 
Capacitance, Ccp 


Static Forward-Current Transfer 
Ratio (Beta), he_e* 


ee GSR ae 
=a | OF - 


ics10mA,Vce=5V | - | - | 


— 
(ep) 
fen) 
rs 
Oo 
oS 
rs 
oO 
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Emitter-to-Base 


Rise Time (See Test Ckt. 
Fig. 6),t, 


Fall Time (See Test Ckt. 

Fig. 6), tf . 
Delay Time (See Test Ckt. 

Fig. 6), tq 


Storage Time (See Test Ckt. 
Fig. 6), ty 


*Pulse Conditions: width = 300 ms; duty cycle = 1%. 


vy, TO SAMPLING 
© SCOPE 


+6V 

ore ie is 
60 ps ON 
40 us OFF 


OUTPUT f- — — — 90% 
es tg 


92CS-26926RI 


Fig. 6 — Switching time test circuit and waveforms. 
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CA3140, CA3140A, CA3140B Types 


BiMOS Operational Amplifiers 


With MOS/FET Input, Bipolar Output 


Features: 


= MOS/FET Input Stage 


The CA3140B, CA3140A, and CA3140 are 
integrated-circuit operational amplifiers that 
combine the advantages of high-voltage PMOS 
transistors with high-voltage bipolar tran- 
sistors on a single monolithic chip. Because 
of this unique combination of technologies, 
this device can now provide designers, for 
the first time, with the special performance 
features of the CA3130 COS/MOS opera- 
tional amplifiers and the versatility of the 
741 series of industry-standard operational 
amplifiers. 

The CA3140,CA3140A , and CA3140 BiMOS 
operational amplifiers feature gate-protected 
MOS/FET (PMOS) transistors in the input 
circuit to provide very-high-input impedance, 
very-low-input current, and high-speed per- 
formance. The CA3140B operates at supply 
voltages from 4 to 44 volts; the CA3140A 
and CA3140 from 4 to 36 volts (either single 
or dual supply). These operational amplifiers 
are internally phase-compensated to achieve 
stable operation in unity-gain follower oper- 
ation, and, additionally, have access termi- 
nals for a supplementary external capacitor 
if additional frequency roll-off is desired. 
Terminals are also provided for use in appli- 
cations requiring input offset-voltage nulling. 


The use of PMOS field-effect transistors in 
the input stage results in common-mode in- 


the negative-supply terminal, an important 
attribute for single-supply applications. The 
output stage uses bipolar transistors and in- 
cludes built-in protection against damage 
from load-terminal short-circuiting to either 
supply-rail or to ground. 

The CA3140 Series has the same 8-lead ter mi- 
nal pin-out used for the ‘’741’ and other 


_industrystandard operational amplifiers. They 


are supplied in either the standard 8-lead 
TO-5 style package (T suffix), or in the 8- 


_lead dual-in-line formed-lead TO-5 style pack- 


age ‘‘DIL-CAN” (S suffix). The CA3140 is 
available in chip form (H_= suffix). The 
CA3140A and CA3140 are also available in 
an 8-lead dual-in-line plastic package (Mini- 
DIP-E suffix). The CA3140B is intended for 
operation at supply voltages ranging from 4 


to 44 volts, for applications requiring pre- 
mium-grade specifications and with electrical 
limits established for operations over the 
range from —55°C to +125°C. The CA3140A 
and CA3140 are for operation at supply volt- 
ages up to 36 volts (+18 volts). The CA3140 
ages up to 36 volts (+18 volts). All types can 
be operated safely over the temperature range 
from —55°C to +125°C. 


put-voltage capability down to 0.5 volt below 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


(a) Very high input impedance (Zjjy) — 1.5 TQ typ. 

(b) Very low input current (lj) — 10 pA typ. at + 15 V 

(c) Low input-offset voltage (Vig) — to 2 mV max. 

(d) Wide common-mode input-voltage range (Vicr) — 
can be swung 0.5 volt below negative 
supply-voltage rail 


(e) Output swing complements input common-mode 


range | 
(f) Rugged input stage — bipolar diode protected 
Directly replaces industry type 741 in 
most applications 
Includes numerous industry operational 
amplifier categories such as general-pur- 
pose, FET input, wideband (high slew rate) 
Operation from 4-to-44 volts 
Single or Dual supplies 
Internally compensated 
Characterized for + 15-volt operation 
and for TTL supply systems with 
operation down to 4 volts 
Wide bandwidth — 4.5 MHz unity 
gain at + 15 V or 30 V; 3.7 MHzat5V 
High voltage-follower slew rate — 9 V/us 
Fast settling time — 1.4 ps typ. 
to 10 mV with a 10-Vp-p signal 
Output swings to within 0.2 volt 
of negative supply 


= Strobable output stage 


CA3140, CA3140A CA3140B 
DC SUPPLY VOLTAGE 
(BETWEEN V+ AND V— TERMINALS) 36 V 44 Vv 
DIFFERENTIAL-MODE INPUT VOLTAGE +8v +8v 
COMMON-MODE DC INPUT VOLTAGE (vt +8 V) to (V- —0.5 V) 
INPUT-TERMINAL CURRENT se of 1mA 
DEVICE DISSIPATION: 
WITHOUT HEAT SINK — 
UP TO 55°C. a uae Se 630 mW 
ABOVE 55°C Derate linearly 6.67 mW/°C 
WITH HEAT SINK — 
Up to 55°C . i ae 1W 
Above 55°C . Derate linearly 16.7 mW/°C 


TEMPERATURE RANGE: 

OPERATING (ALL TYPES) 

STORAGE (ALL TYPES) . ao 
OUTPUT SHORT-CIRCUIT DURATION* . 


—55 to + 125°C 
| —65 to +150°C 


a INDEFINITE 
LEAD TEMPERATURE (DURING SOLDERING): 
AT DISTANCE 1/16 + 1/32 INCH (1.59 £0.79 MM) 
FROM CASE FOR 10 SECONDS MAX. +265°C 
* Short circuit may be applied to ground or to either supply. 
sca Hi ita (8) STROBE 
INV. INPUT (2) (7) vt 
(6) output ae 
INV. INPUT (3) (6 output 
92CS 27794 v~ (4) (5) ONUcE” 
(4)v- AND CASE 
TOP VIEW 2 . , LAsa hts . 
Fig. 1 — Functional diagrams of th i 92CS- 29086 
S and T Suffixes . 2 : E Suffix 


CA3140 series. 
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Applications: 

m Ground-referenced single-supply amplifiers 
in automobile and portable instrumentation 

m Sample and hold amplifiers 

@ Long-duration timers/multivibrators 

(microseconds—minutes—hours) 

Photocurrent instrumentation 

Peak detectors = Active filters 

Comparators 

Interface in 5 V TTL systems & other 

low-supply voltage systems 

# All standard operational amplifier applications 

= Function generators @ Tone controls 

= Power supplies # Portable instruments 

® Intrusion alarm systems 


CA3140, CA3140A, CA3140B Types 


TYPICAL ELECTRICAL CHARACTERISTICS 


TEST 


CONDITIONS 
CHARACTERISTIC Vvt+=+15V 
V—=-15V 


Ta = 25°C 
Typ.Value of Re- 
sistor Between 
Term. 4 and 5 or 
4 and 1 to Adjust 
Max. VIO 


Input Offset Voltage 
Adjustment Resistor 


Equivalent Wideband 
Input Noise Voltage en 
(See Fig. 39) 


Equivalent Input 
Noise Voltage en 
(See Fig.10) 
Short-Circuit Current to 
Opposite Supply Source lomt 
Sink lomM— 


Gain-Bandwidth 
Product, (See Figs. 5 &18) fT 


Sink Current From Terminal 8 
To Terminal 4 to Swing 
Output Low 


BW = 140 kHz 
Rs = 1 M22 


f= 1kHz]Rs= aVi/ Hz 


Transient Response: 
Rise Time 


Overshoot (See Fig. 37) 
Settling Time 
at 10 Vp-p, 
(See Fig.17) 


CL = 100 pF 
Voltage Follower 


BIAS CIRCUIT 
CURRENT SOURCES 
AND REGULATOR 


2mA | 


|ourput 
6) 


OFFSET 
NULL 


92 °S - 27788 


Fig.2 — Block diagram of CA3140 series. 


CIRCUIT DESCRIPTION 


Fig.2 is a block diagram of the CA3140 
Series PMOS Operational Amplifiers. The 
input terminals may be operated down to 
0.5 V below the negative supply rail. Two 
class A amplifier stages provide the voltage 
gain, and a unique class AB amplifier stage 
provides the current gain necessary to drive 
low-impedance loads. 

A biasing circuit provides control of cascoded 
constant-current flow circuits in the first and 
second stages. The CA3140 includes an on- 
chip phase-compensating capacitor that is 
sufficient for the unity gain voltage-follow- 
er configuration. 

Input Stages — The schematic circuit diagram 
of the CA3140 is shown in Fig.3. It con- 
sists of a differential-input stage using PMOS 
field-effect transistors (Q9, Q10) working 
into a mirror pair! of bipolar transistors (Q11, 
Q12) functioning as load resistors together 
with resistors R2 through R5. The mirror- 
pair transistors also function as a differen- 
tial-to-single-ended converter to provide base- 
current drive to the second-stage bipolar 

transistor (Q13). Offset nulling, when de- 
sired, can be effected with a 10-kQ poten- 
tiometer connected across terminals 1 and 
5 and with its slider arm connected to termi- 
nal 4. Cascode-connected bipolar transistors 
Q2, Q5 are the constant-current source for 
the input stage. The base-biasing circuit for 
the constant-current source is described sub- 
sequently. The small diodes D3, D4, D5 pro- 
vide gate-oxide protection against high-volt- 
age transients, e.g., static electricity. 

Second Stage — Most of the voltage gain in 

the CA3140 is provided by the second amp- 
lifier stage, consisting of bipolar transistor 

Q13 and its cascode-connected load resis- 

tance provided by pipolar transistors Q3, Q4. 
On-chip phase compensation, sufficient for 

a majority of the applications is provided by 

Ci. Additional Miller-Effect compensation 

(roll-off) can be accomplished, when de- 

sired, by simply connecting a small capa- 

citor between terminals 1 and 8. Terminal 

8 is also used to strobe the output stage into 

quiescence. When terminal 8 is tied to the 

negative supply rail (terminal 4) by mechani- 
cal or electrical means, the output terminal 6 

swings low, i.e., approximately to terminal 

4 potential. 


Output Stage — The CA3140 Series circuits 
employ a broadband output stage that can 
sink loads to the negative supply to comple- 
ment the capability of the PMOS input stage 
when operating near the negative rail. Quies- 
cent current in the emitter-follower cascade 
circuit (Q17, Q18) is established by tran- 
sistors (014, Q15) whose base-currents are 
“mirrored”’ to current flowing through diode 
D2 in the bias circuit section. When the 
CA3140 is operating such that output ter- 
minal 6 is sourcing current, transistor Q18 
functions as an emitter-follower to source 
current from the V+ bus (terminal 7), via 
D7, R9, and R11. Under these conditions, 
the collector potential of O13 is suffi- 
ciently high to permit the necessary flow of 
base current to emitter follower Q17 which, 
in turn, drives 018. 
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CA3140, CA3140A, CA3140B Types 


ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN | When the CA3140 is operating such that 


+. > = 950 j ifi output terminal 6 is sinking current to the 
ee ee ah V— bus, transistor Q16 is the current-sinking 


element. Transistor Q16 is mirror-connected 
to D6, R7, with current fed by way of Q21, 
R12, and Q20. Transistor Q20, in turn, is 
biased by current-flow through R13, zener 
D8, and R14. The dynamic current-sink 
is controlled by voltage-level sensing. For 
purposes of explanation, it is assumed that 
output terminal 6 is quiescently established 
at the potential mid-point between the V+ 
and V— supply rails. When output-current 
sinking-mode operation is required, the col- 
lector potential of transistor 013 is driven 
below its quiescent level, thereby causing 
Q17, Q18 to decrease the output voltage at 
terminal 6. Thus, the gate terminal of PMOS 
transistor Q21 is displaced toward the V— bus, 
thereby reducing the channel resistance of 
Q21. As a consequence, there is an incre- 
mental increase in current flow through 
Q20, R12, Q21, D6, R7, and the base of 
Q16. As a result, Q16 sinks current from 
terminal 6 in direct response to the incre- 
mental change in output voltage caused by 
Q18. This sink current flows regardless of 
load; any excess current is internally supplied 
by the emitter-follower Q18. Short-circuit 
pratection of the output circuit is provided 
by Q19, which is driven into conduction by 
the high voltage drop developed across R11 
under output short-circuit conditions. Under 
these conditions, the collector of Q19 di- 
verts current from Q4 so as to reduce the 
base-current drive from Q17, thereby limit- 
ing current flow in Q18 to the short-cir- 
cuited load terminal. 


Bias Circuit — Quiescent current in all stages 
(except the dynamic current sink) of the 
CA3140 is dependent upon bias current 
flow in R1. The function of the bias cir- 
cuit is to establish and maintain constant- 
current flow through D1, Q6, Q8 and D2. 
D1 is a diode-connected transistor mirror- 
connected in parallel with the base-emitter 
junctions of Q1, Q2, and Q3. D1 may be 
considered as a current-sampling diode that 

senses the emitter current of Q6 and auto- 
matically adjusts the base current of O6 
(via Q1) to maintain a constant current 


CHARACTERISTIC 


Input Offset Voltage, Viol 
Input Offset Current, Ihol 


Input Current, | 
Large-Signal 
Voltage Gain, AOL® 
(See Figs. 4,18) 
Common-Mode 
| Rejection Ratio, CMRR 
(See Fig.9) 


Common-Mode 


< 
~S 


ww NS) 


Input-Voltage 
Range, VICR 
(See Fig.20) 
Power-Supply 
Rejection AViQ/AV 
Ratio, PSRR 
(See Fig.11) 


Max. Output 
Voltage®™ 


Supply Current, I* 
Input Current, 1\4 
Voltage |Vioi4 
- Temp. Drift, AVjQ/AT 
Large-Signal 


Voltage Gain, AoL® 
(See Figs.4, 18) 


Typ. 
| 05 
Ee 
100 k 
eer! 
—15.5 
to 
=) 
120 
100 k 
aes 
ee 
eee 
Rae 
wae 


fee] 
© 


+ 
Max. ae VOM through Q6, O8, D2. The base-currents in 
Voltage, Vom Q2, Q3 are also determined by constant- 
: current flow D1. Furthermore, current in 
Large-Signal ax diode-connected transistor D2 establishes the 
Voltage Gain, AOL currents in transistors Q14 and Q15. 
®@ At Vo = 26Vp.p, +12V, —14V and Ry = 2kQ. © ATRL = 2k2. 
A At TA = —55°9C to +125°C, vt = 15 V, V7 = 15 V, Vo = 26V p-p. Re =2 kQ2. 
® At Vo = +19 V, —21 V, and Ry = 2kQ. * at vt=22V, V-=22V. 
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CA3140, CA3140A, CA3140B Types 


INPUT STAGE 


SECOND STAGE OUTPUT STAGE___ DYNAMIC CURRENT SINK + 


OUTPUT 


NON-ItNVERTING 
INPUT 


OFFSET NULL STROBE v~ 


ALL RESISTANCE VALUES ARE IN OHMS. 92CM~ 27787 


Fig.3 — Schematic diagram of CA3140 series. 


TYPICAL ELECTRICAL CHARACTERISTICS FOR DESIGN GUIDANCE 


At Vt =5 V, V-=0V, Tag = 25°C 
CA3140B | CA3140A | CA3140 

oe 
as Oe 
Input Resistance ae 
Large-Signal Voltage Gain AOL 100 k 

| 100 

| 20 

| 94 

a 


CHARACTERISTIC 
Input Offset Voltage Viol 


Input Offset Current nal 


Input Current 


(See Figs.4,18) 
Common-Made Rejection Ratio, CMRR 


Common- Mode Input-Voltage Range VICR —0.5 
(See Fig.20) 


Power-Supply Rejection Ratio 


AVig/Avt 


Maximum Output Voltage 
(See Figs.13,20) 0.13 


QUIESCENT SUPPLY CURRENT (I+)—ma 


Maximum Output Current: 


~_ 


sue 


Slew Rate (See Fig.6) 
Gain-Bandwidth Product (See Fig.5) 
Supply Current (See Fig.7) 

Device Dissipation 


Sink Current from Term. 8 to 
Term. 4 to Swing Output Low 


Ag)— 48 


EEE 4+ H4 
AMBIENT TEMPERATURE (Ta) =-55°C 


OPEN-LOOP VOLTAGE GAIN ( 


SUPPLY VOLTAGE (V*, V7) — VOLTS 
92CS ~27904 


' Fig.4 — Open-loop voltage gain vs supply voltage 
and temperature. 


20 | LOAD RESISTANCE (R:) = 2 k2 


AMBIENT TEMPERATURE(TA)= 
ee ecanl 
Fees 


5 (] 
SUPPLY VOLTAGE (V*, V7) — VOLTS 
92CS-27905 


Fig.5 — Gain-bandwidth product vs supply voltage 
and temperature. 


gece = sess 
agen aoe 

ane Geena ae aes 

fy ieee tet ttt Ht 
08 A 

Caneen==2eom ATH senas 
sean Pertti tt anes . 

HH sieete i HE case 

Beas th aon 
rte oH oH oH 
HH 
ae 
aicee oth 
Ht Ht 
a2 ase 
ene 
15 


SLEW RATE (SR)— V/ps 


a 
Se oe 
o 5 i0 


SUPPLY VOLTAGE (V*, v~)— VOLTS 
y2C$ - 27906 


Fig.6 — Slew rate vs supply voltage andtemperature. 


SUPPLY VOLTAGE (v*, V7) — VOLTS 


92CS-27907 
Fig.7 — Quiescent supply current vs supply voltage 
and temperature. 
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CA3140, CA3140A, CA3140B Types 


AMBIENT TEMPERATURE (Ta) = 25°C 
SUPPLY VOLTAGE: V*=15 V, Tt 


PEAK-TO-PEAK OUTPUT VOLTAGE (Vo p-p) — V 


FREQUENCY (f)— Hz 
92C$ - 27908 


Fig.8 — Maximum output voltage swing 
vs frequency. 


120|SUPPLY VOLTAGE: Vt=I5 V, V7~=~I5 V 
AMBIENT TEMPERATURE (Ta) = 25°C 


COMMON-MODE REJECTION RATIO (CMRR) — dB 


10 102 103 10% 10° 10& 10” 
FREQUENCY (f) — Hz 
92CS-27309 


Fig.9 — Common-mode rejection ratio 
vs frequency. 


81SUPPLY VOLTAGE: V*=I5 V, V7=-15 V 
S| AMBIENT TEMPERATURE (Ta) =25°C 


COURSE 


a) 


ro) 
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Fig.10 — Equivalent input noise voltage 
vs frequency. 
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APPLICATIONS CONSIDERATIONS 


Wide dynamic range of input and output 
characteristics with the most desirable high 
input-impedance characteristic is achieved in 
the CA3140 by the use of an unique design 
based upon the PMOS-Bipolar process. Input- 
common-mode voltage range and output- 
swing capabilities are complementary, allow- 
ing Operation with the single supply down 
to four volts. 


The wide dynamic range of these parameters 
also means that this device is suitable for 
many single-supply applications, such as, 
for example, where one input is driven be- 
low the potential of terminal 4 and the 
phase sense of the output signal must be 
maintained — a most important considera- 
tion in comparator applications. 


OUTPUT CIRCUIT CONSIDERATIONS 


Excellent interfacing with TTL circuitry is 
easily achieved with a single 6.2-volt zener 
diode connected to terminal 8 as shown in 
Fig.12. This connection assures that the 
maximum output signal swing will not go 
more positive than the zener voltage minus 
two base-to-emitter voltage drops within the 
CA3140. These voltages are independent 
of the operating supply voltage. 
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Fig.12 — Zener clamping diode connected to 
terminals 8 and 4 to limit CA3140 
output swing to TTL levels. 


Fig.13 shows output current-sinking capa- 
bilities of the CA3140 at various supply 
voltages. Output voltage swing to the nega- 
tive supply rail permits this device to oper- 
ate both power transistors and thyristors 
directly without the need for level-shifting 
circuitry usually associated with the 741 
series of operational amplifiers. 
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Fig.13 — Voltage across output transistors Q15 
and Q16 vs load current. 


Fig.16 show some typical configurations. 
Note that a series resistor, R1_,is used in both 
cases to limit the drive available to the driven 
device. Moreover, it is recommended that a 
series diode and shunt diode be used at the 
thyristor input to prevent large negative 
transient surges that can appear at the gate of 
thyristors, from damaging the integrated 
circuit. 
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Fig.14 — Typical incremental offset-voltage 
shift vs operating life. 


OFFSET-VOLTAGE NULLING 


The input-offset voltage can be nulled by 
connecting a 10-k{2 potentiometer between 
terminals 1 and 5 and returning its wiper arm 
to terminal’ 4, see Fig.15a. This technique, 
however, gives more adjustment range than 
required and therefore, a considerable por- 
tion of the potentiometer rotation is not 
fully utilized. Typical values of series re- 
sistors that may be placed at either end of 
the potentiometer, see Fig.15b, to optimize 
its utilization range are given in the table 
“Typical Electrical Characteristics’ shown 
in this bulletin. 

An alternate system is shown in Fig.15c. This 
circuit uses only one additional resistor of 
approximately the value shown in the table. 
For potentiometers, in which the resistance 
does not drop to zero ohms at either end of 
rotation, a value of resistance 10% lower 
than the values shown in the table should 
be used. . 


LOW-VOLTAGE OPERATION 


Operation at total supply voltages as low as 
4 volts is possible with the CA3140. A cur- 
rent regulator based upon the PMOS thres- 
hold voltage maintains reasonable constant 
operating current and hence consistent per- 
formance down to these lower voltages. 


The low-voltage limitation occurs when the 
upper extreme of the input common-mode 
voltage range extends down to the voltage at 
terminal 4. This limit is reached at a total 
supply voltage just below 4 volts. The out- 
put voltage range also begins to extend down 
to the negative supply rail, but is slightly 
higher than that of the input. Fig.20 shows 
these characteristics and shows that with 
2-volt dual supplies, the lower extreme of the 
input common-mode voltage range is below 
ground potential. 
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Fig.15 — Three offset-voltage nulling methods. 
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Fig.16 — Methods of utilizing the Vcg(sat) sinking- 
current capability of the CA3140 series. 


BANDWIDTH AND SLEW RATE 


For those cases where bandwidth reduction 
is desired, for example, broadband noise re- 
duction, an external capacitor connected be- 
tween terminals 1 and.8 can reduce the open- 
loop —3 dB.bandwidth. The slew rate will, 
however, also be proportionally reduced by 
using this additional capacitor. Thus, a 20% 
reduction in bandwidth by this technique 
will also reduce the slew rate by about 20%. 


Fig.17 shows the typical settling time re- 
quired to reach 1 mV or 10 mV of the final 
value for various levels of large signal in- 
puts for the voltage-follower and inverting 
unity-gain amplifiers. The exceptionally 
fast settling time characteristics shown in 
Fig.18 are largely due to the high combina- 
tion of high gain and wide bandwidth of 
the CA3140. 


INPUT CIRCUIT CONSIDERATIONS 


As mentioned previously, the amplifier in- 
puts can be driven below the terminal 4 
potential, but a series current-limiting re- 
sistor is recommended to limit the maximum 
input terminal current to less than 1 mA to 
prevent damage to the input protection 
circuitry. 


Moreover, some current-limiting resistance 
should be provided between the inverting 
input and the output when the CA3140 is 
used as a unity-gain voltage follower. This 
resistance prevents the possibility of ex- 
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(b) TEST CIRCUITS 


Fig.17 — Input voltage vs settling time. 


tremely large input-signal transients from 
forcing a signal through the input-protection 
network and directly driving the internal 
constant-current source which could result 
in positive feedback via the output terminal. 
A 3.9-kQ resistor is sufficient. 


The typical input current is in the order of 
10 pA when the inputs are centered at nomi- 
nal device dissipation. As the output supplies 


OPEN-LOOP VOLTAGE GAIN (Ap, ) — dB 


load current, device dissipation will increase, 
raising the chip temperature and resulting in 
increased input current. Fig.19 shows typi- 
cal input-terminal current versus ambient 
temperature for the CA3140. 


It is well Known that MOS/FET devices can 
exhibit slight changes in characteristics (for 
example, small changes in input offset volt- 
age) due to the application of large differ- 
ential input voltages that are sustained over 
long periods at elevated temperatures. 


Both applied voltage and temperature ac- 
celerate these changes. The process is rever- 
sible and offset voltage shifts of the opposite 
polarity reverse the offset. Fig.14 shows the 
typical offset voltage change as a function of 
various stress voltages at the maximum rating 
of 125°C (for TO-5); at lower temperatures 
(TO-5 and plastic), for example, at 85°C, 
this change in voltage is considerably less. 
in typical linear applications, where the 
differential voltage is small and symmetircal, 
these incremental changes are of about the 
same magnitude as those encountered in an 
Operational amplifier employing a bipolar a 
transistor input stage. 


SUPER SWEEP FUNCTION GENERATOR 


A function generator having a wide tuning 
range is shown in Fig.21. The 1,000,000/1 
adjustment range is accomplished by a single 
variable potentiometer or by an auxiliary 
sweeping signal. The CA3140 functions as a 
non-inverting read-out amplifier of the tri- 
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Fig.18 — Open-loop voltage gain and phase lag 
vs frequency. 
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Fig.19 — Input current vs ambient 
temperature. 
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angular signal developed across the integra- 
ting capacitor network connected to the 
output of the CA3080A current source. 


Buffered triangular output signals are then 
applied to a second CA3080 functioning as 
a high-speed hysteresis switch. Output from 
the switch is returned directly back to the 
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‘Fig.20 — Output-voltage-swing capability and 
common-mode input-voltage range 
vs supply voltage and temperature. 


input of the CA3080A current source, there- 
by, completing the positive feedback loop. 


The triangular output level is determined by 
the four 1N914 level-limiting diodes of the 
second CA3080 and the resistor-divider net- 
work connected to terminal No.2 (input) of 
the CA3080. These diodes establish the in- 
put trip level to this switching stage and, 
therefore, indirectly determine the ampli- 
tude of the output triangle. 


Compensation for propagation delays around 
the entire loop is provided by one adjust- 
ment on the input of the CA3080. This 
adjustment, which provides for a constant 
generator amplitude output, is most easily 
made while the generator is sweeping. High- 
frequency ramp linearity is adjusted by the 
single 7-to-60 pF capacitor in the output of 
the CA3080A. 


It must be emphasized that only the CA- 
3080A is characterized for maximum output 
linearity in the current-generator function. 


METER DRIVER AND 
BUFFER AMPLIFIER 


Fig. 22 shows the CA3140 connected as a 
Low 
driving impedance is required of the CA- 
3080A current source to assure smooth 
Frequency Adjustment 


meter driver and buffer amplifier. 


operation of the 


236 


O © H 
100 kQ t 
FROM BUFFER ; 
METER DRIVER >---~ 
(OPTIONAL) 


(SEE FIG.Y) 


10 ka RREQUENCY 
59 kf}! 120 2 ADJUSTMENT 


~I5 Vv +15 V OUTPUT 


AMPLIFIER 


THIS NETWORK IS USED WHEN THE 
reenee BUFFER CIRCUIT IS NOT 
U : 


Ol LEVEL K 


CENTERING 


Tere) +15 V 
-I5V kQ O 
O) 


HIGH 
FREQUENCY 9) 


EXTERNAL 
OUTPUT 


27k2 


Th 


TO OUTPUT 
AMPLIFIER 


EXTERNAL 
OUTPUT 


92CM-2792IR1 


(a) Circuit 
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(c) Interconnections 


1V/DIV and 1 sec/DIV 


Three tone test signals, highest frequency = 
0.5 MHz. Note the slight assymmetry at the 
three-second/cycle signal. This assymmetry 
is due to slightly different positive and nega- 
tive integration from the CA3080A and from 
the pc board and component leakages at the 
100-pA level. 


(b2) Function generator with fixed frequencies 


Fig.21 — Function generator. 


Control. This low-driving impedance re- 
quirement is easily met by using a CA3140 
connected as a voltage follower. More- 
over, a meter may be placed across the 
input to the CA3080A to give a logarithmic 
analog indication of the function generators 
frequency. 


Analog frequency readout is readily accom- 
plished by the means described above be- 
cause the output current of the CA3080A 
varies approximately one decade for each 
60-mV change in the applied voltage, VABC 
(voltage between terminals 5 and 4 of the 


CA3080A of the function generator). There- — 


fore, six decades represent 360-mV change 
in VABC. | 
Now, only the reference voltage must be 


established to set the lower limit on the 
meter. The three remaining transistors from 


the CA3086 Array used in the sweep gener- 
ator are used for this reference voltage. In 
addition, this reference generator arrange- 
ment tends to track ambient temperature 
variations, and thus compensates for the ef- 
fects of the normal negative temperature 
coefficient of the CA3080A VABc termi- 
nal voltage. 


Another output voltage from the reference 
generator is used to insure temperature 
tracking of the lower end of the Frequency 
Adjustment Potentiometer. A large series 
resistance simulates a current source, assuring 
similar temperature coefficients at both ends 
of the Frequency Adjustment Control. 


To calibrate this circuit, set the Frequency 
Adjustment Potentiometer at its low end. 
Then adjust the Minimum Frequency Calibra- 
tion Control for the lowest frequency. To 
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Fig. 22 — Meter driver and buffer amplifier. 
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Fig. 24 — Sweeping generator. 


establish the upper frequency limit, set the 
Frequency Adjustment Potentiometer to its 
upper end and then adjust the Maximum 
Frequency Calibration Control for the maxi- 
mum frequency. Because there is inter- 
action among these controls, repetition of 
the adjustment procedure may be necesary. 


Two adjustments are used for the meter. 
The meter sensitivity control sets the meter- 
scale width of each decade, while the meter 
position control adjusts the pointer on the 
scale with negligible effect on the sensitivity 
adjustment. Thus, the meter sensitivity ad- 


justment control calibrates the meter so 
that it deflects 1,6 of full scale for each de- 
cade change in frequency. 


SINE-WAVE SHAPER 


The circuit shown in Fig. 23 uses a CA3140 
as a voltage follower in combination with 
diodes from the CA3019 Array to convert 
the triangular signal from the function gen- 
erator to a sine-wave output signal having ty- 
pically less than 2% THD. The basic zero- 
crossing slope is established by the 10-kQ2 
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Fig. 23 — Sine-wave shaper. 


potentiometer connected between terminals 
2 and 6 of the CA3140 and the 9.1-kQ re- 
sistor and 10-k{Q2 potentiometer from termi- 
nal 2 to ground. Two break points are es- 
tablished by diodes Dj through Dq. Positive 
feedback via Ds and Dg establishes the zero 
slope at the maximum and minimum levels 
of the sine wave. This technique is neces- 
sary because the voltage-follower configu- 
ration approaches unity gain rather than the 
zero gain required to shape the sine wave at 
the two extremes. 


This circuit can be adjusted most easily with 
a distortion analyzer, but a good first approxi- 
mation can be made by comparing the output 
signal with that of a sine-wave generator. The 
initial slope is adjusted with the poten- 
tiometer Ry, followed by an adjustment of 
R2. The final slope is established by ad- 
justing R3, thereby adding additional seg- 
ments that are contributed by these diodes. 
Because there is some interaction among 
these controls, repetition of the adjustment 
procedure may be necessarv 


SWEEPING GENERATOR 


Fig. 24 shows a sweeping generator. Three 
CA3140’s are used in this circuit. One 
CA3140 is used as an integrator, a second 
device is used as a hysteresis switch that 
determines the starting and stopping points 
of the sweep. A third CA3140 is used as a 
logarithmic shaping network for the log 
function. Rates and slopes, as well as saw- 
tooth, triangle, and logarithmic sweeps are 
generated by this circuit. 


WIDEBAND OUTPUT AMPLIFIER 


Fig. 25 shows a high-slew-rate, wideband am- 
plifier suitable for use as a 50-ohm trans- 
mission-line driver. This circuit, when used 
in conjunction with the function generator 
and sine-wave shaper circuits shown in Figs. 
21 and 23 provides 18 volts peak-to-peak 
output open-circuited, or 9 volts peak-to-peak 
output when terminated in 50 ohms. The 
slew rate required of this amplifier is 28 


volts/us (18 volts peak-to-peak x m x 0.5 
MHz). 
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Fig. 25 — Wideband output amplifier. 


POWER SUPPLIES 


High input-impedance, common-mode capa- 
bility down to the negative supply and high 
output-drive current capability are key fac- 
tors in the design of wide-range output-volt- 
age supplies that use a single input voltage 
to provide a regulated output voltage that 
can be adjusted from essentially 0 to 24 volts. 


Unlike many regulator systems using com- 
parators having a bipolar transistor-input 
stage, a high-impedance reference-voltage di- 
vider froma single supply can be used in con- 
nection with the CA3140 (see Fig. 26). 
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Fig. 26 — Basic single-supply voltage regulator 
showing voltage-follower configuration. 


Essentially, the regulators, shown in Figs. 
27 and 28, are connected as non-inverting 
power operational amplifiers with a gain of 
3.2. An 8-volt reference input yields a 
maximum output voltage slightly greater 
than 25 volts. As a voltage follower, when 
the reference input goes to O volts the 
output will be O volts. Because the off- 
set voltage is also multiplied by the 3.2 
gain factor, a potentiometer is needed to 
null the offset voltage. 


Series pass transistors with high ICBO levels 
will also prevent the output voltage from 
reaching zero because there is a finite voltage 
drop (Vcgsat) across the output of the 
CA3140 (see Fig.13). This saturation volt- 
age level may indeed set the lowest volit- 
age obtainable. 


The high impedance presented by terminal 
8 is advantageous in effecting current limit- 
ing. Thus, only a small signal transistor is 
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Fig. 27 — Regulated power supply. 


required for the current-limit sensing amp- 
lifier. Resistive decoupling is provided for 
this transistor to minimize damage to it or 
the CA3140 in the event of unusual input or 
output transients on, the supply-rail. 


Figs. 27 and 28, show circuits in which a 
D2201 high-speed diode is used for the 
current sensor. This diode was chosen for its 
slightly higher forward-voltage drop charac- 
teristic thus giving greater sensitivity. It must 
be emphasized that heat: sinking of this 
diode is essential to minimize variation of the 
current trip point due to internal heating of 
the diode. That is, 1 ampere at 1 volt 
forward drop represents one watt which 
can result in significant regenerative changes 
in the current trip point as the diode tem- 
perature rises. Placing the small-signal refer- 
ence amplifier in the proximity of the cur- 
rent-sensing diode also helps minimize the 
variability in the trip level due to the nega- 
tive temperature coefficient of the diode. 


In spite of those limitations, the current 
limiting point can easily be adjusted over 
the range from 10 mA to 1 ampere with a 
single adjustment potentiometer. If the 
temperature stability of the current-limiting 
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Fig. 28 — Regulated power supply with 
“foldback” current limiting. 
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Fig. 29 — Waveforms of dynamic characteristics 
of power supply currents shown 
in Figs. 29 and 30. 


system is a serious consideration, the more 
usual current-sampling resistor-type of cir- 
cuitry should be employed. 


A power Darlington transistor (in a heat 
sink TO-3 case), is used as the series-pass 
element for the conventional current-limiting 
system, Fig. 27, because high-power Dar- 
lington dissipation will be encountered at 
low output voltage and high currents. 


A smal! heat-sink VERSAWATT transistor is 
used as the series-pass element in the fold- 
back current system, Fig.28, since dissi- 
pation levels will only approach 10 watts. 
In this system, the D2201 diode is used for 
current sampling. Foldback is provided by 
the 3 kQ and 100 kQ2 divider network con- 
nected to the base of the current-sensing 
transistor. 


Both regulators, Figs. 27 and 28, provide 
better than 0.02% load regulation. Because 
there is constant loop gain at all voltage set- 
tings, the regulation also remains constant. 
Line regulation is 0.1% per volt. Hum and 
noise voltage is less than 200 uV as read 
with a meter having a 10-MHz bandwidth. 


Fig.31 (a) shows the turn ON and turn OFF 
characteristics of both regulators. The slow 
turn-on rise is due to the slow rate of rise 
of the reference voltage. Fig. 29 (b) shows 
the transient response of the regulator with 
the switching of a 20-Q. load at 20 volts out- 
put. 


TONE CONTROL CIRCUITS 


High-slew-rate, wide-bandwidth, high-output 
voltage capability and high input impedance 
are all characteristics required of tone-con- 
trol amplifiers. Two tone control circuits 
that exploit these characteristics of the 
CA3140 are shown in Figs. 30 and 31. 


The first circuit, shown in Fig. 31, is the 
Baxandall tone-control circuit-which provides 
unity gain at midband and uses standard 
linear potentiometers. The high input im- 
pedance of the CA3140 makes possible the 
use of low-cost, low-value, small-size capaci- 
tors, as well as reduced load of the driving 
stage. 


Bass treble boost and cut are + 15 dB at 
100 Hz and 10 kHz, respectively. Full 
peak-to-peak output is available up to at 
least 20 kHz due to the high slew rate of the 
CA3140. The amplifier gain is -3 dB down 
from its ‘‘flat’’ position at 70 kHz. 


Fig. 30 shows another tone-control circuit 


with similar boost and cut specifications. 


The wideband gain of this circuit is equal to 
the ultimate boost or cut plus one, which in 
this case is a gain of eleven. For 20-dB 
boost and cut, the input loading of this cir- 
cuit is essentially equal to the value of the 
resistance from terminal No.3 to ground. 
A detailed analysis of this circuit is given in 
“An IC Operational Transconductance Amp- 
lifier (OTA) With Power Capability’ by 
L, Kaplan and H. Wittlinger, [EEE Trans- 
actions on Broadcast and Television Re- 
ceivers, Vol. BTR-18, No.3, August, 1972. 


CA3140, CA3140A, CA3140B Types 


FOR SINGLE SUPPLY 
+30V 


BOOST TREBLE CUT 


0.012 pF Foo Ke 0.001 pF 


2.2 M2 
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| 


LONE CONTROL NETWORK _ 
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25 VOLTS p-p OUTPUT AT 20 kHz 
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FOR DUAL SUPPLIES 


TONE CONTROL. NETWORK 
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Fig. 30 — Tone control circuit using CA3130 series 


(20-dB midband gain). 
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Fig. 31 — Baxandall tone control circuit using 
CA3140 series. 


WIEN BRIDGE OSCILLATOR 


Another application of the CA3140 that 
makes excellent use of its high input-imped- 
ance, high-slew-rate, and high-voltage quali- 
ties is the Wien Bridge sine-wave oscillator. 
A basic Wien Bridge oscillator is shown in 
Fig. 32. When Ry = R2=R and Ci =C2=C, 
the frequency equation reduces to the fa- 
miliar f = 1/2 7 RC and the gain required for 
oscillation, AQSC is equal to 3. Note that 
if C9 is increased by a factor of four and R92 
is reduced by a factor of four, the gain re- 
quired for oscillation becomes 1.5, thus per- 
mitting a potentially higher operating fre- 
quency closer to the gain-bandwidth pro- 
duct of the CA3140. 

Oscillator stabilization takes on many forms. 
It must be precisely set, otherwise the am- 
plitude will either diminish or reach some 
form of limiting with high levels of distor- 
tion. The element, Rs, is commonly re- 
placed with some variable resistance element. 
Thus, through some control means, the value 
of Rg is adjusted to maintain constant oscil- 


lator output. A FET channel resistance, a 
thermistor, a lamp bulb, or other device 
whose resistance is made to increase as the 
Output amplitude is increased are a few of 
the elements often utilized. 


c2 R2 
OUTPUT 
Re 
Cl RI 
Rs 
= (2 j — 
2rV/Ri Cl R2 C2 
wi4Sl BB 
Aoszi+ C2 + Ri 
Raat 
CL Rs 
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Fig. 32 — Basic Wien bridge oscillator circuit 
using an operational amplifier. 


Fig. 33 shows another means of stabilizing 
the oscillator with a zener diode shunting 
the feedback resistor (R- of Fig. 32). As 
the output signal amplitude increases, the 
zener diode impedance decreases resulting 
in more feedback with consequent reduction 
in gain; thus stabilizing the amplitude of the 
output signal. Furthermore, this combina- 
tion of a monolithic zener diode and bridge 
rectifier circuit tends to provide a zero tem- 
perature coefficient for this regulating sys- 
tem. Because this bridge rectifier system 
has no time constant, i.e., thermal time con- 
stant for the lamp bulb, and RC time con- 
stant for filters often used in detector net- 
works, there is no lower frequency limit. 
For example, with 1-uF polycarbonate capa- 
citors and 22 MQ for the frequency deter- 
mining network, the operating frequency is 
0.007 Hz. 


As the frequency is increased, the output 
amplitude must be reduced to prevent the 
output signal from becoming slew-rate limi- 
ted. An output frequency of 180 kHz will 
reach a slew rate of approximately 9 volts/ 
lus when its amplitude is 16 volts peak-to- 
peak. 


239 


CA3140, CA3140A, CA3140B Types 


QUTPUT 
O19 Vp-p TO 22 Vp-p 
THO < 0.3% 


RyzRo2R 


50 Hz, R= 3.3M2 
100Hz,R=1.6MQ 36 ko 
OWE Re eke 
lO kHz, R= 16 k 
30 KH R51 kQ 5008 
92CS-27934 


Fig. 33 — Wien bridge oscillator circuit using 
CA3140 series. 


SIMPLE SAMPLE-AND-HOLD SYSTEM 


Fig. 34 shows a very simple sample-and-hold 
system using the CA3140 as the readout 
amplifier for the storage capacitor. The 
CA3080A serves as both input buffer amp- 
lifier and low feed-through transmission. 
switch.” System offset nulling is accom- 
plished with the CA3140 via its offset 
nulling terminals. A typical simulated load 
of 2 kQ and 30 pF is shown in the schematic. 


In this circuit, the storage compensation 
capacitance (Cz) is only 200 pF. Larger 
value capacitors provide longer ‘‘hold”’ periods 
but with slower slew rates. The slew rate 
dv 


i 
zee = 0.5 = 25 V/us. 
oe ez mA/200 pF 2.5 V/us 


* ICAN-6668 “Applications of the CA3080 
and CA3080A High-Performance Oper- 
ational Transconductance Amplifiers’’. 


“TUL SAMPLE 
“15 HOLD 

30 kN 
STROBE 


2 kn 


; Ol uF 


SIMULATED LOAD ——™ 90 PF 
NOT REQUIRED = 
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Fig. 34 — Sample- and hold circuit. 
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Pulse ‘‘droop” during the hold interval is 
170 pA/200 pF which is = 0.85 uV/ps; 
(i.e., 170 pA/200 pF). In this case, 170 pA 
represents the typical leakage current of 
the CA3080A when strobed off. If C1 were 
increased to 2000 pF, the “hold-droop”’ rate 
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will decrease to 0.085 wV/ys, but the slew rate 
would decrease to 0.25 V/us. The parallel 
diode network connected between terminal 


3 of the CA3080A and terminal 6 of the 
CA3140 prevents large input-signal feed- 
through across the input terminals of the 
CA3080A to the 200 pF storage capacitor 
when the CA3080A is strobed off. Fig. 35 
shows dynamic characteristic waveforms of 
this sample-and-hold system. 


BENASSI TH NOIOIRRRIIHIOOS 


week an 


(50 mV/DIV. AND 200ns/ DIV.) 
BOTTOM TRACE: INPUT 
(50 mV/DIV. AND 200 ns/DiV.) 
92CS- 27883 


eoanate 


LARGE-SIGNAL RESPONSE AND 
SETTLING TIME 
TOP TRACE : OUTPUT SIGNAL 
(5 V/DIV. AND 2ys/DIVv.) 
BOTTOM TRACE: !NPUT SIGNAL 
(5V/DIV. AND 2mus/DIv.) 
CENTER TRACE: DIFFERENCE OF INPUT AND OUTPUT 
SIGNALS THROUGH TEKTRONIX 
AMPLIFIER 7AI3 


(Smv/DIV. AND 2ys/DIV.) 92CS-27884 


SAMPLING RESPONSE 
TOP TRACE :SYSTEM OUTPUT 
(100 mv/DIV. AND 500 ns/DIV.) 
BOTTOM TRACE : SAMPLING SIGNAL 
(20 V/DIV. AND 500 ns/ DIV.) 


92CS-27885 


Fig. 35 — Sample- and hold system dynamic 
characteristics waveforms. 


CURRENT AMPLIFIER © 


The low input-terminal current needed to 
drive the CA3140 makes it ideal for use in 
current-amplifier applications suchas the one 
shown in Fig. 36.® In this circuit, low cur- 
rent is supplied at the input potential as the 
power supply to load resistor Ri. This load 
current is increased by the multiplication 
factor R2/R1, when the load current is 
monitored by the power supply meter M. 
Thus, if the load current is 100 nA, with 
values shown, the load current presented 
to the supply will be 100 uA; a much easier 
current to measure in many systems. 


Note that the input and output voltages are 
transferred at the same potential and only 
the output current is multiplied by the 
scale factor. 


The dotted components show a method of 
decoupling the circuit from the effects of 
high output-load capacitance and the poten- 
tial oscillation in this situation. Essentially, 
the necessary high-frequency feedback is 
provided by the capacitor with the dotted 
series resistor providing load decoupling. 


Rl 


92CS-27936 
Fig. 36 — Basic current amplifier for low-current 
measurement systems. 


Fig. 37 shows a single-supply, absolute-value, 
ideal full-wave rectifier with associated wave- 
forms. During positive excursions, the input 
signal is fed through the feedback network 
directly to the output. Simultaneously, the 
Positive excursion of the input signal also 
drives the output terminal (No.6) of the in- 
verting amplifier in a negative-going excur- 
sion such that the, 1N914 diode effectively 
disconnects the amplifier from the signal 
path. During a negative-going excursion of 
the input signal, the CA3140 functions as a 


_normal inverting amplifier with a gain equal 


to —R2/R1. When the equality of the two 
equations shown in Fig. 37 is satisfied, the 
full-wave output is symmetrical. 


® “Operational Amplifiers Design and Ap- 
plications’, J. G. Graeme, McGraw-Hill 
Book Company, page 308 — ‘Negative 
immittance Converter Circuits’’. 


CA3140, CA3140A, CA3140B Types 
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Fig. 37 — Single-supply, absolute-value, ideal full-wave rectifier with associated waveforms. 


SIMULATED 
LOAD 
+e -4 
1 os 
o4< = 
100 pF if we 
aaa 
a 
d 
L_» 
ate 
BW (-3dB)= 4.5 MHz Ore eee TOP TRACE : OUTPUT SIGNAL 
SR=9 V/us (50 mv/DIV AND 200 ns/DIV) aay 
one ee eee BOTTOM TRACE : INPUT cles Sens ae ae 
Rr neNerroe ery ren CENTER TRACE: DIFFERENCE SIGNAL 
(5m W/DIV. AND 5us/ DIV.) 
(a) SMALL- SIGNAL RESPONSE ; 
ee Rubee BOTTOM TRACE <INPUT SIGNAL 
pesca, : (5V/DIV. AND 5ys/DIV) 


(b) INPUT- OUTPUT DIFFERENCE SIGNAL 
SHOWING SETTLING TIME (MEASUREMENT 
MADE WITH TEKTRONIX 7AI3 DIFFERENTIAL 


AMPLIFIER ) 92CS-27880 


Fig. 38 — Split-supply voltage-follower test circuit and associated waveforms. 
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Fig. 39 — Test circuit amplifier (30-dB gain) used 
(0 102-0 254) 


for wideband noise measurement. 


71-79 
(1 804-2 006) 
92CS-27903 
CA3140H Chip 
The photographs and dimensions represent Dimensions in parentheses are in millimeters and 
a chip when it is part of the wafer. When the are derived from the basic inch dimensions as in- 


wafer is cut into chips, the cleavage angles dicated. Grid graduations are in mils (107 3 inch). 


are 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 
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CA3141E 


High-Voltage Diode Array 


For Commercial, Industrial, and Military Applications 


Features: 


Applications: 


® Balanced modulators or demodulators 
#@ Analog switches 

®@ High-voltage diode gates 

@ Current ratio detectors 


= Matched monolithic construction — Ve for each diode pair 


matched to within 0.55 mV (typ.) ate =1mA | 


= Low diode capacitance — 0.3 pF (typ.) at Vp = 2 Vv. 
® High diode-to-substrate breakdown voltage — 30 V (min.) 


= Low reverse (leakage) current — 100 nA (max.) 


The RCA-CA3141E High-Voltage Diode Ar- 
ray consists of ten general-purpose high- 
reverse-breakdown diodes. Six diodes are 
internally connected to form three common- 
cathode diode pairs, and the remaining four 
diodes are internally connected to form two 
common-anode diode pairs. Integrated cir- 
cuit construction assures excellent static and 
dynamic matching of the diodes, making the 
CA3141E extremely useful for a wide variety 
of applications in communications and 
switching systems. 


The CA3141E is supplied in the 16-lead 
dual-in-line plastic package (E suffix), and in 
chip form (H suffix). 

ELECTRICAL CHARACTERISTICS at T, = 25°C 


CHARACTERISTIC 


DC Forward Voltage Drop, Ve 


DC Reverse Breakdown 
Voltage, VigR)R Ip = -10 uA 
DC Breakdown Voltage Between 


Any Diode and Substrate, 
V(BR)DI 


Ie (Anode) 


DC Reverse (Leakage) Current 
Between Any Diode and 
Substrate, Ip, 


Magnitude of Diode Offset 
Voltage Between Diode Pairs 


Temperature Coefficient of 
Forward Voltage Drop, 
AV e/AT 


Diode Cathode-to-Substrate 
Capacitance, Coc; 


Magnitude of Cathode-to-Anode 
Current Ratio, [lec/Ieal 
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TEST 
CONDITIONS 


DC Reverse (Leakage) Current,|p | Ve = —20 V | 


Vp} = 20 V 


Vp} =20V | 
len =1mA 


Reverse Recovery Time, try lp =2 mA, Ip= 2mA 


Diode Anode-to-Substrate 
Capacitance, Cy pj 


MAXIMUM RATINGS, Absolute Maximum Values 


PEAK INVERSE VOLTAGE (PIV) 
PEAK DIODE-TO-SUBSTRATE VOLTAGE : 
PEAK FORWARD SURGE CURRENT {le (SURGE)] 
DC FORWARD CURRENT (Ip). 7 ee ees 
DISSIPATION: 
Any one diode unit . 
Total Package: 
Up to 55 C 
For Ta > 58 C of 
AMBIENT TEMPERATURE RANGE: 
Operating 
Storage 40 ew ws a we 
LEAD TEMPERATURE (During Soldering): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. . 
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Fig. 1 — Terminal assignment. 
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Fig. 2 — DC forward voltage drop vs. 
forward current. 
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Fig. 3 — DC forward voltage drop vs. 
ambient temperature. 
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Fig. 4 — Diode offset voltage vs. magnitude of 
anode current. 
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Fig. 7 — Diode cathode-to-substrate capacitance vs. 


cathode-to-substrate DC reverse voltage. 
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Fig. 5 — Diode capacitance vs. cathode-to- 
anode reverse voltage. 
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Fig. 8 — Forward (cathode) current vs. forward 


(anode) current. 
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Fig. 6 — Diode anode-to-substrate capacitance 
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Fig. 9 — DC leakage current vs. ambient 
temperature. 
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CA3160, CA3160A, CA3160B Types 
BiMOS Operational Amplifiers 


With MOS/FET Input, COS/MOS Output 


Features: 
= Similar to CA3130 but has internal compensation 
= MOS/FET input stage provides: | 
very high Z; = 1.5 TQ (1.5 x 1012 QQ) typ. 
very low I; = 5 pA typ. at 15-V operation 
2 pA typ. at 5-V operation 
® Common-mode input-voltage range includes 
negative supply rail; input terminals can 


The RCA-CA3160T, CA3160S, CA3160E; 
CA3160AT, CA3160AS, CA3160AE; and 
CA3160BT, CA3160BS are integrated-cir- 


cuit operational amplifiers that combine the Ideal for 


advantages of both COS/MOS and bipolar 
transistors on a monolithic chip. The CA3160 
series circuits are frequency-compensated 
versions of the popular CA3130 series. 


Gate-protected p-channel MOS/FET (PMOS) 
transistors are used in the input circuit to 
provide very-high-input impedance, very-low- 
input current, and exceptional speed per- 
formance. The use of PMOS field-effect 
transistors in the input stage results in 
common-mode input-voltage capability down 
to 0.5 volt below the negative-supply ter- 
minal, an important attribute in single-supply 


be swung 0.5 V below negative supply rail 
# COS/MOS output stage permits signal swing 
to either (or both) supply rails 


bility. Terminal provisions are also made to 
permit strobing of the output stage. 


The CA3160 series is supplied in standard 
8-lead TO-5-style packages (T suffix) and 
8-lead dual-in-line formed-lead TO-5 style 
“DIL-CAN” packages (S suffix). The CA3160 
is available in chip form (H suffix). 


single-supply 
applications 


@ Low Vig: 2 mV max. (CA3160B) 


Wide BW: 4 MHz typ. (unity-gain crossover) 
High SR: 10 V/us typ. (unity-gain follower) 


High Ag ,: 320,000 (110 dB) typ. 


a 
a 
@ High output current (Ig): 20 mA typ. 
= 
ia 


Internal phase compensation for unity gain 
(With terminal access for supplementary ex- 
ternal phase compensation network if desired) 


applications. The CA3160A and CA3160 are also available Applications: 
A complementary-symmetry MOS (COS/ in the 8-lead dual-in-line plastic package ® Ground-referenced single-supply amplifiers 
MOS) transistor-pair, capable of swinging (Mini-DIP-E suffix). All types operate over ar ath 
aie pn ie ° ast sample-hold amplifiers 
the output voltage to within 10 millivolts the full military-temperature range of —55 C hoage 
of either supply-voltage terminal (at very to +125°C. The CA3160B is intended for _™ Lons-duration timers/monostables 
high values of laad impedance), is employed applications requiring preminium-grade speci- = Ideal interface with digital COS/MOS 
as the output circuit. fications and with limits established for: ® High-input-impedance wideband amplifiers 
The CA3160 Series circuits operate at supply input current, temperature coefficient of = Voltage followers 


voltages ranging from 5 to 16 volts, or +2.5 
to +8 volts when using split supplies, and have 
terminals for adjustment of offset voltage 
for applications requiring offset-null capa- 


input-offset voltage, and gain over the range 
of —55°C to +125°C. The CA3160A offers 
superior input characteristics over those of 
the CA3160. 


(e.g., follower for single-supply D/A 
converter) 


Voltage regulators 


(permits control of output voltage 
down to zero volts) 


Wien-Bridge oscillators 
Voltage-controlled oscillators 
Photo-diode sensor amplifiers 
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CONEENSATION CA3160 Series devices have an on-chip frequency 
NOTE. 


DIODES DS THROUGH 08 PROVIDE GATE-OXIDE PROTECTION 


FOR MOS/FET INPUT STAGE 


92CM- 28536 


Fig. 1 — Schematic diagram of the CA3160 Series. 
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compensation network. Supplementary phase- 
compensation or frequency roll-off (if desired) can 
be connected externally between terminals 1 and8. 


Fig.2 — Functional diagrams of the CA3160 Series. 


CA3160, CA3160A, CA3160B Types 


MAXIMUM RATINGS, Absolute-Maximum Values 
DC SUPPLY VOLTAGE TEMPERATURE RANGE: 


(Between Vt and V~ Terminals) ........ 16 V OPERATING (All Types). ... —55 to +125°C 
eee ie oe re STORAGE (All Types) ..... _65 to +150°C 
gel aoe e ra EG Merete Btu 8 V 
COMMON-MODE DC OUTPUT SHORT-CIRCUIT 
INPUT VOLTAGE... (V+ +8 V) to (V~ —0.5 V) DURATION*® ................ INDEFINITE 


INPUT-TERMINAL CURRENT ......... 1mA LEAD TEMPERATURE 

DEVICE DISSIPATION: . 

Soe ee (DURING SOLDERING); 
UP TO55°C ...........0. 0. eee, 630 mw AT DISTANCE 1/16 = 1/32 INCH 
ABOVE 55°C .... Derate linearly 6.67 mW/°C (1.59 £0.79 MM) FROM CASE 

WITH HEAT SINK — -FOR 10 SECONDS MAX........... +265°C 
BT ADS OC ead cd og ee een 418 mw Aa A a a aa 


BELOW 125°C ... Derate linearly 16.7 mW/°C * Short circuit may be applied to ground or to either 


supply. 


ELECTRICAL CHARACTERISTICS at T,=25°C, vt=15 V, V— =0 V (Unless otherwise specified) 


LIMITS 


CA3160B (T,S) |CA3160A (T,S, E) 


CHARACTERISTIC 


Input Offset Voltage, 

Viol, Vo=#7.5 V = [osf 2 | -[ 2 : = 
Input Offset Current, . 

lol, V*=+#7.5 Vv - | es| | - [es] 2] - | o 


< 
on on s 


Input Current, || 
viarsy | [- | 8] @ 1 -] sf 
Large-Signal Voltage |100k | 320k oe Gas 320 k cae 50 k | 320 k 


Gain, AOL 


vero, nyzx| wo | vo | — | pro] 
Common: Mode 


Common-Mode incuE —0.5 —-0.5 
Voltage Range, Vicr to 10 to 10 
12 12 
Vom ch 


Yow [= [0002] 091 
[rasa l 


is 

Power-Supply Rejection 
Ratio, AVj9/AV= 
Vt=t7.5 V 
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CIRCUIT DESCRIPTION 


Fig.3 is a block diagram of the CA3160 
series COS/MOS Operational Amplifiers. The 
input terminals may be operated down to 
0.5 V below the negative supply rail, and 
the output can be swung very close to 
either supply rail in many applications. Con- 
sequently, the CA3160 series circuits are ideal 
for single-supply operation. Three class A 
amplifier stages, having the individual gain 
capability and current consumption shown 
in Fig.3, provide the total gain of the CA3160. 
A biasing circuit provides two potentials for 
common use in the first and second stages. 
Terminals 8 and 1 can be used to supplement 
the internal phase compensation network if 
additional phase compensation or frequency 
roll-off is desired. Terminals 8 and 4 can also 
be used to strobe the output stage into a low 
quiescent current state. When Terminal 8 is 
tied to the negative supply rail (Terminal 4) 
by mechanical or electrical means, the out- 
put potential at Terminal 6 essentially rises 
to the positive supply-rail potential at Ter- 
minal 7. This condition of essentially zero 
current drain in the output stage under the 
strobed ‘OFF’ condition can only be a- 
chieved when the ohmic toad resistance pre- 
sented to the amplifier is very high (e.g., 
when the amplifier output is used to drive 
COS/MOS digital circuits in comparator 
applications). 


Input Stages — The circuit of the CA3160 is 
shown in Fig.1. It consists of a differential- 
input stage using PMOS field-effect tran- 
sistors (Q6, Q7) working into a mirror-pair 
of bipolar transistors (Q9, Q10) functioning 
as load resistors together with resistors R3 
through R6. The mirror-pair transistors also 
function as a differential-to-single-ended con- 
verter to provide base drive to the second- 
stage bipolar transistor (Q11). Offset nulling, 
when desired, can be effected by connecting 
a 100,000-ohm potentiometer across Terms. 
1 and 5 and the potentiometer slider arm to 
Term. 4. Cascode-connected PMOS tran- 
sistors O2, Q4, are the constant-current source 
for the input stage. The biasing circuit for the 
constant-current source is subsequently de- 
scribed. The small diodes D5 through D7 
provide gate-oxide protection against high- 
voltage transients, e.g., including static elec- 
tricity during handling for Q6 and Q7. 


Second-Stage — Most of the voltage gain in 
the CA3160 is provided by the second am- 
plifier stage, consisting of bipolar transistor 
Q11 and its cascode-connected load resistance 
provided by PMOS transistors Q3 and QO5. 
The source of bias potentials for these PMOS 
transistors is described later. Miller Effect 
compensation (roll off) is accomplished by 
means of the 30-pF capacitor and 2-kQ) 
resistor connected between the base and 
collector of transistor Q11. These internal 
components provide sufficient compensation 
for unity gain operation in most applications. 
However, additional compensation, if desired, 
may be used between Terminals 1 and 8. 

Bias-Source Circuit — At total supply volt- 
ages, somewhat above 8.3 volts, resistor R2 
and zener diode Z1 serve to establish a volt- 
age of 8.3 volts across the series-connected 
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TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 


TEST 
CONDITIONS | 


vt=4+75V 
V~-=-75V 
Ta = 25°C 

- (Unless Other- 


CHARACTERISTIC 


wise Specified) 


Input Offset Voltage 10 kQ2 across 
Adjustment Range 
or 4 and 1 


Input Resistance, Ry 


BW= Ro=1 MQ 

0.2 MHziRo=10MQ2 

Ro= 1 kHz 
Voltage, en, 100 82 iO kHz 


Equivalent Input Noise 


Unity Gain Crossover 


Frequency, f+ 
Slew Rate, SR: 


Transient Response: 
Rise Time, t, C, = 25 pF 
(Voltage 


Follower) 


Overshoot 


Settling Time (4 Vo-p 
Input to <0.1% 


vt=5V 
V-=0V 
Ta = 25°C 

(Unless Other- 

wise Specified) 


CHARACTERISTIC 


Input Offset Voltage, Vig 
Input Offset Current, lio 


Common-Mode Rejection 
Ratio, CMRR 

Large-Signal Voltage Vo74 Vp-p 
Gain, AOL Ry, =5kQ 


Supply Current, it 


Power Supply Rejection 
Ratio, AVj9/AV* 
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Terms. 4 and 5 
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Vo=5V, 

Ri eg 


CA3160B | CA3160A | CA3160 


15 
o 
40 
50 
72 
0 


3 


CA3160B | CA3160A | CA3160 
(T, S) 


ee ae 
ee ae eee 
100 k 100 k 


| 100k _| 
| 100 | 00 | 100 


0.1 
2 


2 
0.1 
2 


CIRCUIT DESCRIPTION (cont'd) 


circuit, Consisting of resistor R1, diodes D1 
through D4, and PMOS transistor Q1. A 
tap at the junction of resistor R1 and diode 
D4 provides a gate-bias potential of about 
4.5 volts for PMOS transistors Q4 and Q5 
with respect to Terminal 7. A potential of 
about 2.2 volts is developed across diode- 
connected PMOS transistor Q1 with respect © 
to Terminal 7 to provide gate bias for PMOS 
transistors Q2 and Q3. It should be noted 
that Q1 is ‘‘mirror-connected’’t to both Q2 
and Q3. Since transistors 01, Q2, O3 are 
designed to be identical, the approximately 
200-microampere current in Q1 establishes 
a similar current in Q2 and Q3 as constant- 
current sources.for both the first and sec- 
ond amplifier stages, respectively. 


At total supply voltages somewhat less than 
8.3 volts, zener diode Z1 becomes non- 
conductive and the potential, developed 
across series-connected R1, D1-D4, and Q1, 
varies directly with variations in supply 
voltage. Consequently, the gate bias for 
04, Q5 and Q2, Q3 varies in accordance 
with supply-voltage variations. This varia- 
tion results in deterioration of the power- 
supply-rejection ratio (PSRR) at total supply 
voltages below 8.3 volts. Operation at 
total supply voltages below about 4.5 volts 
results in seriously degraded performance. 


Output Stage — The output stage consists of 
a drain-loaded inverting amplifier using COS/ 
MOS transistors operating in the Class A 
mode. When operating into very high re- — 
sistance loads, the output can be swung 
within millivolts of either supply rail. Be- 
cause the output stage is a drain-loaded 
amplifier, its gain is dependent upon the 
load impedance. The transfer character- 
istics of the output stage for a load re- 
turned to the negative supply rail are shown 
in Fig.6. Typical op-amp toads are readily 
driven by the output stage. Because large- 
signal excursions are non-linear, requiring 
feedback for good waveform reproduction, 
transient delays may be encountered. Asa 
voltage follower, the amplifier can achieve 
0.01 per cent accuracy levels, including the 
negative supply rail. 


Offset Nulling 


Offset-voltage nulling is usually accomplished 
with a 100,000-ohm potentiometer con- 
nected across Terminals 1 and 5 and with the 
potentiometer slider arm connected to Term- 
inal 4. A fine offset-null adjustment usually 
can be effected with the slider arm positioned 
in the mid-point of the potentiometer’s total 
range. 


tT For general information on the characteristics of 
COS/MOS transistor-pairs in linear-circuit appli- 
cations, see File No. 619, data bulletin on 
CA3600E ‘‘COS/MOS Transistor Array”. 
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input Current Variation with Common- 
Mode Input Voltage 


As shown in the Table of Electrical Charac- 
teristics, the input current for the CA3160 
Series Op-Amps is typically 5 pA at Ta=25°C 
when Terminals 2 and 3 are at a common- 
mode potential of +7.5 volts with respect to 
negative supply Terminal 4. Fig. 12 contains 
data showing the variation of input current 
as a function of common-mode input voltage 


at Ta=25°C. These data show that circuit. 


designers can advantageously exploit these 
characteristics to design circuits which typi- 
cally require an input current of less than 1 
pA, provided the common-mode input volt- 
age does not exceed 2 volts. As previously 
noted, the. input current is essentially the 
result of the leakage current through the 
gate-protection diodes in the input circuit 
and, therefore, a function of the applied 
voltage. Although the finite resistance of the 
glass terminal-to-case insulator of the TO-5 
package also contributes an increment of 
leakage current, there are useful compensa- 
ting factors. Because. the gate-protection net- 
work functions as if it is connected to 
Terminal 4 potential, and the TO-5 case of 
the CA3160 is also internally tied to Term- 
inal 4, input terminal 3 is essentially ‘‘quarded”’ 
from spurious leakage currents. 


Input-Current Variation with Temperature 


The input current of the CA3160 Series cir- 
cuits is typically 5 pA at 25°C. The major 
portion of this input current is due to leakage 
current through the gate-protective diodes in 
the input circuit. As with any semiconductor- 
junction device, including op amps with a 
junction-FET input stage, the leakage cur- 
rent approximately doubles for every 10°C 
increase in temperature. Fig. 13 provides data 
on the typical variation of input bias current 
as a function of temperature: in the CA3160. 


In applications requiring the lowest practical 
input current and incremental increases in 
current because of ‘‘warm-up”’ effects, it is 
suggested that an appropriate heat sink be 
used with the CA3160. In. addition, when 
“sinking’’ or ‘“‘sourcing’”’ significant output 
current the chip temperature increases, causing 
an increase in the input current. In such 
cases, heat-sinking can also very markedly 
reduce and stabilize input current variations. 


Input-Offset-Voltage (Vic) Variation with 
DC Bias vs. Device Operating Life 

It is well Known that the characteristics of a 
MOS/FET device can change slightly when a 
dc gate-source bias potential is applied to the 
device for extended time periods. The magni- 
tude of the change is increased at high temp- 
eratures. Users of the CA3160 should be alert 
to the possible impacts of this effect if the 
application of the device invoives extended 
operation at high temperatures with a signi- 
ficant differential dc bias voltage applied 
across Terminals 2 and 3. Fig. 14 shows typi- 
cal data pertinent to shifts in offset voltage 
encountered with CA3160 devices in TO-5 
packages during life testing. At lower temper- 
atures (TO-5 and plastic) for example at 


85°C, this change in voltage is consider- 
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ably less. In typical linear applications where 
the differential voltage is small and sym- 
metrical, these incremental changes are of 
about the same magnitude as those en- 


comune TEMPE RATURE (T,)#128°C 


OFFSET-VOLTAGE SHIFT (AVz9) —mvV 


I] 

HH sebereee 208 
[| * Bes sesaagas 
H At] DIFFERENTIAL DC VOLTAGE 


1000 1800 2000 2800 "3000 
TIME (t)- HOURS 


92CS-24724—A1 


Fig.14 — Typical incremental offset-voltage shift 
vs. operating life. 


countered in an operational amplifier em- 
ploying a bipolar transistor input stage. The 
two-voilt dc differential voltage example 
represents conditions when the amplifier out- 
put state is ‘‘toggled’’, e.g., as in comparator 
applications. 


Power-Supply Considerations 


Because the CA3160 is very useful in single- 
supply applications, it is pertinent to review 
some considerations relating to power-supply 
current consumption under both single- and 


dual-supply service. Figs. 15(a) and 15(b) - 


show the CA3160 connected for both dual- 
and single-supply operation. 


fe" 


“T™ POSITIVE 
1 SUPPLY 


NEGATIVE 
i SUPPLY 


(a) DUAL POWER-SUPPLY OPERATION 


[+ 


T POSITIVE 
i SUPPLY 
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(b) SINGLE POWER-SUPPLY OPERATION 
Fig.15 — CA3160 output stage in dual and 
single power-supply operation. 


Dual-supply operation: When the output 
voltage at Terminal 6 is zero-volts, the cur- 
rents supplied by the two power supplies are 
equal. When the gate terminals of O8 and 


Q12 are driven increasingly positive with 
respect to ground, current flow through Q12 
(from the negative supply) to the load is in- 
creased and current flow through O8 (from 
the positive supply) decreases correspond- 
ingly. When the gate terminals of Q8 and 
Q12 are driven increasingly negative with 
respect to ground, current flow through Q8 
is increased and current flow through Q12 is 
decreased accordingly. 


Single-supply operation: Initially, let it be 
assumed that the value of RL is very high 
(or disconnected), and that the input-terminal 
bias (Terminals 2 and 3) is such that the out- 
put terminal (No. 6) voltage is at V+/2, i.e., 
the voltage-drops across Q8 and Q12 are of 
equal magnitude. Fig. 7 shows typical quies- 
cent supply-current vs. supply-voltage for the 
CA3160 operated under these conditions. 


Since the output stage is operating as a Class 
A amplifier, the supply-current will remain 
constant under dynamic operating conditions 
as long as the transistors are operated in the 
linear portion of their voltage-transfer charac- 
teristics (see Fig. 6). If either Q8 or Q12 are 
swung out of their linear regions toward cut- 
off (a non-linear region), there will be a cor- 
responding reduction in supply-current. In 
the extreme case, e.g., with Terminal 8 swung 
down to ground potential (or tied to ground), 
NMOS transistor Q12 is completely cut off 
and the supply-current to series-connected 
transistors Q8, Q12 goes essentially to zero. 
The two preceding stages in the CA3160, 
however, continue to draw modest supply- 
current (see the lower curve in Fig. 7) even 
though the output stage is strobed off. Fig. 
15(a) shows a dual-supply arrangement for 
the output stage that can also be strobed off, 
assuming R=, by pulling the potential of 
Terminal 8 down to that of Terminal 4. 


Let it now be assumed that a load-resistance 
of nominal value (e.g., 2 kilohms) is con- 
nected between Terminal 6 and ground in 
the circuit of Fig. 15(b). Let it further be 
assumed again that the input-terminal bias 
(Terminals 2 and 3) is such that the output 
terminal (No. 6) voltage is a V+/2. Since 
PMOS transistor O8 must now supply quies- 
cent current to both R{ and transistor Q12, 
it should be apparent that under these condi- 
tions the supply-current must increase as an 


‘inverse function of the Ri magnitude. Fig. 9 - 


shows the voltage-drop across PMOS tran- 
sistor Q8 as a function of load current at 
several supply voltages. Fig. 6 shows the 
voltage-transfer characteristics of the output 
stage for several values of load resistance. 


Wideband Noise 


From the standpoint of low-noise perform- 
ance considerations, the use of the CA3160 
is most advantageous in applications where 
in the source resistance of the input signal is 
in the order of 1 megohm or more. In this 
case, the total input-referred noise. voltage 
is typically only 40 wV when the test-circuit 
amplifier of Fig.16 is operated at a total 
supply voltage of 15 volts. This value of 
total input-referred noise remains essentially 
constant, even though the value of source 
resistance is raised by an order of magnitude. 


This characteristic is due to the fact that 
reactance of the input capacitance becomes a 
significant factor in shunting the source 
resistance. It should be noted, however, that 
for values of source resistance very much 
greater than 1 megohm, the total noise 
voltage generated can be dominated by the 
thermal noise contributions of both the 
feedback and source resistors. 


NOISE 
O VOLTAGE 
OUTPUT 


BW (-3dB)=200 kHz tka 
TOTAL NOISE VOLTAGE (REFERRED 
TO INPUT) =40 pV TYP. 


92CS-28577 


Fig. 16 — Test-circuit amplifier (30-dB gain) used 
for wideband noise measurements. 


BW (- 3 dB) = 4 MHz 
SR=10 V/ps 
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TYPICAL APPLICATIONS 

Voltage Followers 

Operational amplifiers with very high input 
resistances, like the CA3160, are particularly 
suited to service as voltage followers. Fig.17 
shows the circuit of a classical voltage 
follower, together with pertinent waveforms 
using the CA3160 in a split-supply config- 
uration. 


A voltage follower, operated from a single- 


supply, is shown in Fig.18 together with 
related waveforms. This follower circuit is 
linear over a wide dynamic range, as illus- 
trated by the reproduction of the output 
waveform in Fig.18b with input-signal ramp- 
ing. The waveforms in Fig.18c show that 
the follower does not lose its input-to- 
output phase-sense, even though the input is 
being swung 7.5 volts below ground poten- 
tial. This unique characteristic is an important 
attribute in both operational amplifier and 
comparator applications. Fig.18c also shows 
the manner in which the COS/MOS output 
stage permits the output signal to swing down 
to the negative supply-rail potential (i.e., 
ground in the case shown). The digital-to- 
analog converter (DAC) circuit, described in 
the following section, illustrates the practical 
use o+ the CA3160 in a single-supply voltage- 
follower application. 


| 

| 

l 
=p 25 pF 
t. SIMULATED LOAD 
= CAPACITANCE 
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(b) Small Signal Response 
Top Trace: Output 
Bottom Trace: Input 
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(c) Input-Output Difference Signal Showing 
Settling Time 
Top Trace: Output Signal 
Center Trace: Difference Signal 5 mV/div 
Bottom Trace: Input Signal 


Fig.17 — Split-supply voltage follower with associated waveforms. 


9-Bit COS/MOS DAC | 
A typical circuit of a 9-bit Digital-to-Analog 
Converter (DAC)* is shown in Fig.19. This 
system combines the concepts of multiple- 
switch COS/MOS IC‘’s, a low-cost ladder 
network of discrete metal-oxide-film resis- 
tors, a CA3160 op amp connected as a 
follower, and an inexpensive monolithic regu- 
lator in a siinple single power-supply arrange- 
ment. An additional feature of the DAC is 
that it is readily interfaced with COS/MOS 
input logic, e.g., 10-volt logic levels are used 
in the circuit of Fig.19. 


The circuit uses an R/2R voltage-ladder net- 
work, with the output-potential obtained 
directly by terminating the ladder arms at 
either the positive or the negative power- 
supply terminal. Each CD4007A contains 
three ‘inverters’, each “‘inverter’’ function- 
ing as a single-pole double-throw switch to 
terminate an arm of the R/2R network at 
either the positive or negative power-supply 
terminal. The resistor ladder is an assembly 
of one per cent tolerance metal-oxide film 
resistors. The five arms requiring the highest 
accuracy are assembled with series and para- 
lel combinations of 806,000-ohm resistors 
from the same manufacturing lot. 


A single 15-volt supply provides a positive 
bus for the CA3160 follower amplifier and 
feeds the CA3085 voltage regulator. A 
“scale-adjust’’ function is provided by the 
regulator output control, set to a nominal 
10-volt level in this system. The line-voltage 
regulation (approximately 0.2%) permits a 
9-bit accuracy to be maintained with varia- 
tions of several volts in the supply. The 


flexibility afforded by the COS/MOS building 
blocks simplifies the design of DAC systems 
tailored to particular needs. 


Error-Amplifier in Regulated Power Supplies 


The CA3160 is an ideal choice for error- 
amplifier service in regulated power supplies 
since it can function as an error-amplifier 
when the regulated output voltage is re- 
quired to approach zero. 


The circuit shown in Fig.20 uses a CA3160 
as an error amplifier in a continuously ad- 
justable 1-ampere power supply. One of the 
key features of this circuit is its ability to 
regulate down to the vicinity of zero volts 
with only one dc power supply input. 


An RC network, connected between the base 
of the output drive transistor and the input 
voltage, prevents “‘turn-on overshoot”, a 
condition typical of many operatic. ial-ampli- 
fier regulator circuits. As the amplifier be- 
comes operational, this RC network ceases 
to have any influence on the regulator per- 
formance. 


* “Digital-to-Analog Conversion Using the RCA- 
CD4007A COS/MOS IC”, Application Note 
ICAN-6080. 
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Fig.18 — Single-supply voltage-follower with associated 
waveforms. (e.g., for use in single-supply D/A 
converter, see Fig.9 in ICAN-6080.) 
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Fig.19 — 9-bit DAC using COS/MOS digital switches and CA3160. 
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Precision Volitage-Controlled Oscillator 


The circuit diagram of a precision voltage- 
controlled oscillator is shown in Fig.21. The 
oscillator operates with a tracking error in the 
order of 0.02 percent and a temperature co- 
efficient of 0.01%/°C. A multivibrator 
(A) generates pulses of constant amplitude 
(V) and width (Tz). Since the output 
(terminal 6) of Ay (a CA3130) can swing 
within about 10 millivolts of either supply- 
rail, the output pulse amplitude (V) is 
essentially equal to V+. The average output 
voltage (Eavg = V T2/T1) is applied to the 
non-inverting input terminal of comparator 
A2 via an integrating network R3, Co. 
Comparator AZ operates to establish circuit 
conditions such that Eavg = V1. This circuit 


CA3160, CA3160A, CA3160B Types 


SHORT - CIRCUIT CURRENT 
LIMIT ADJUSTMENT 


92CM-28583R1 


Fig.20 — Voltage regulator circuit (0.1 to 35 V at 1 A). 


condition is accomplished by feeding an out- 
put signal from terminal 6 of Az through Raq, 
Dg to the inverting terminal (terminal 2) 
of Ay, thereby adjusting the multivibrator 
interval, T3. 


( 


Voltmeter With High Input Resistance 

The voltmeter circuit shown in Fig.22 il- 
lustrates an application in which a number 
of the CA3160 characteristics are exploited. 
Range-switch SW1 is ganged between input 
and output circuitry to permit selection of 


' the proper output voltage for feedback to 


Terminal 2 via 10 K&2 current-limiting re- 
sistor. The circuit is powered by a single 
8.4-volt mercury battery. With zero input 


T2 T3 
fo VCO CONTROL VOLTAGE (Vj) 
— Tr “| (0-10V) 
Vv | | (SENSITIVITY = 1kHz/ VOLT) 
(vt) A tia 


R6 
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Fig.21 — Voltage-controlied oscillator. 


( )outPut 


OV» 35V 
AT | AMPERE 


+ 
= OOpF 


HUM AND NOISE OUTPUT < 250 «Vv RMS: 
pies ris (NO LOAD TO FULL LOAD) 
ip: ; 


INPUT REGULATION < 0.01 %/V 


signal, the circuit consumes somewhat less 
than 500 microamperes plus the meter cur- 
rent required to indicate a given voltage. 
Thus, at full-scale input, the total supply 
current rises to slightly more than 1500 
microamperes. 


Function Generator 


A function generator having a wide tuning 
range is shown in Fig.23. The adjustment 
range, in excess of 1,000,000/1, is accom- 
plished by a single potentiometer. Three 
operational amplifiers are utilized: a CA3160 
as a voltage follower, a CA3080 as a high- 
speed comparator, and a second CA3080A 
as a programmable current source. Three 
variable capacitors C1, C2, and C3 shape 
the triangular signal between 500 kHz and 
1 MHz. Capacitors C4, C5, and the trimmer 
potentiometer in series with C5 maintain 
essentially constant (+10%) amplitude up 
to 1 MHz. 


Staircase Generator 

Fig.24 shows a staircase generator circuit 
utilizing three COS/MOS operational ampli- 
fiers. Two CA3130’s are used; one as a 
multivibrator, the other as ahysteresis switch. 
The third amplifier, a CA3160, is used as a 
linear staircase generator. 


Picoammeter Circuit 

Fig. 25 is a current-to-voltage converter con- 
figuration utilizing a CA3160 and CA3140 
to provide a picoampere meter for +3 pA full- 
scale meter deflection. By placing Terminals 
2 and 4 of the CA3160 at ground potential, 
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Fig.22 — High-input-resistance DC voltmeter. 
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92CS-28588 
{b} — Two-tone output signal from the function (c) - Triple-trace of the function generator 
generator. A square-wave signal modulates sweeping to 1 MHz. The bottom trace 
the external sweeping input to produce is the sweeping signal and the top trace 
1 Hzand 1 MHz, showing the 1,000,000/1 is the actual generator output. The 
frequency range of the function generator. center trace displays the 1 MHz signal 


via delayed oscilloscope triggering of 
the upper swept output signal. 


Fig. 23 — 1,000,000/1 single-control function generator — 1 MHz to 7 Hz. 
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(b) — Staircase Generator Waveform 
Top Trace: Staircase Output 
2 Volt Steps 
Center Trace: Comparator 
Bottom Trace: Oscillator 


Fig. 24 — Staircase generator. 
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Fig.25 — Current-to-voltage converter to provide a picoammeter 
with + 3 pA full-scale deflection. 


output (Terminal 6) near ground, thus mar- 
kedly reducing the dissipation by reducing 
the supply current to the device. 


The CA3140 stage serves as a X100 gain 
stage to provide the required plus and minus 
output swing for the meter and feedback 
network. A 100-to-1 voltage divider network 
consisting of a 9.9-K{2 resistor in series with 
a 100-ohm resistor sets the voltage at the 
10-KMQ resistor (in series with Terminal 3) to 
+30 mV full-scale deflection. This 30-mV 
signal results from +3 volts appearing at the 
top of the voltage divider network which 
also drives the meter circuitry. 


By utilizing a switching technique in the 
meter circuit and in the 9.9 KQ and 100-ohm 
network similar to that used in voltmeter 
circuit shown in Fig. 22, a current range of 


-3 pA to 1 nA full scale can be handled with 


the single 10-KMQ resistor. 


Single-Supply Sample-and-Hold System 

Fig. 26 shows a single-supply sample-and-hold 
system using a CA3160 to provide a high 
input impedance and an input-voltage range 
of 0 to 10 volts. The output from the input 
buffer integrator network is coupled to a 
CA3080A. The CA3080A functions as a 
strobeable current source for the CA3140 
output integrator and storage capacitor. The 
CA3140 was chosen because of its low out- 
put impedance and constant gain-bandwidth 


product. Pulse “‘droop’’ during the hold 
interval can be reduced to zero by adjusting 
the 100-KQ bias-voltage potentiometer on 
the positive input of the CA3080A. This 
zero adjustment sets the CA3080A output 
voltage at its zero current position. In this 
sample-and-hold circuit it is essential that the 
amplifier bias current be reduced to zero to 
minimize output signal current during the 
hold mode. Even with 320 mV at the ampli- 
fier bias circuit terminal (5) at least + 100 pA 
of output current will be available. 


Wien Bridge Oscillator 

A simple, single-supply Wien Bridge oscil- 
lator using a CA3160 is shown in Fig. 27. 
A pair of parallel-connected 1N914 diodes 
comprise the gain-setting network which 
standardizes the output voltage at approxi- 
mately 1.1 volts. The 500-ohm potentiometer 
is adjusted so that the oscillator will always 
start and the oscillation will be maintained. 
Increasing the amplitude of the voltage may 
lower the threshold level for starting and for 
sustaining the oscillation, but will introduce 
more distortion. 


Operation with Output-Stage Power-Booster 


The current sourcing and sinking capability 
of the CA3160 output stage is easily supple- 
mented to provide power-boost capability. 
In the circuit of Fig.28, three COS/MOS 
transistor-pairs in a single CA3600 IC array 
are shown parallel-connected with the output 
stage in the CA3160. In the Class A mode of 
CA3600E shown, a typical device consumes 
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{c) — Sample-and-hold waveform. 

Top Trace: Sampled Output 

Center Trace: Input 

Bottom Trace: Sampling Pulse 


Fig. 26 — Single-supply sample-and-hold system—input O-to-10 volts. 


the CA3160 input is operated in the ‘‘guarded 
mode”. Under this operating condition, even 
slight leakage resistance present between 
Terminals 3 and 2 or between Terminals 3 
and 4 would result in zero voltage across this 
leakage resistance, thus substantially reducing 
the leakage current. ; 


If the CA3160 is operated with the same 


voltage on input Terminals 3 and 2 as on 
Terminal 4, a further reduction in the input 
current to the less than one picoampere level 
can be achieved as shown in Fig. 12. 


To further enhance the stability of this cir- 
cuit, the CA3160 can be operated with its 


20 mA of supply current at 15-V operation. 
This arrangement boosts the current-handling 


capability of the CA3160 output stage by | 


about 2.5%. 


The amplifier circuit in Fig. 28 employs 
feedback to establish a closed-loop gain of 
20 dB. The typical large-signal-bandwidth 
(—3 dB) is 190 kHz. 


254 


O 
f* 100 KHz 
2% THD at |.! Vp-p 


(ips oe 6802 
2@eViri{[R2)crr3ce 


92CS - 286591RI 


Fig.27 — Single-supply Wien Bridge oscillator. 
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Fig.28 — COS/MOS transistor array (CA3600E) connected as power 
booster in the output stage of the CA3760. 
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Dimensions in parentheses are in millimeters and The photograph and dimensions represent a chip 
are derived from the basic inch dimensions as when it is part of the wafer. When the wafer is cut 
indicated. Grid graduations are in mils (10~° inch). into chips the cleavage angles are 57° instead of 


90° with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0.17 mm) 
larger in both dimensions. 
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CA3161E | 
BCD-to-Seven-Segment Decoder/Driver 


The RCA-CA3161E is a monolithic inte- 
grated circuit that performs the BCD-to- 


CA3161E provides a complete digital readout 
system with a minimum number of external 


seven-segment decoding function and features parts. 
constant-current segment drivers. When used * The CA3162E is described in RCA data bulletin 
with the CA3162E A/D Converter* the File No. 1080. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE (between terminals 1 and 10). +7V 
INPUT VOLTAGE (terminals 1,2, 6,7) . +55 V 
OUTPUT VOLTAGE: 
Output “Off” . . .). +7 V 
Output “On” (See note 1) . +10 V 
DEVICE DISSIPATION: 
Up to Ta = +55 C Wot te ae 1W 
Above Typ = +55C . as derate linearly at 10.5 mW/ C 
AMBIENT TEMPERATURE RANGE: 
Operating Oto +75°C 
Storage... —65 to +150°C 


LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 £0.79 mm) from case for 10 seconds max. +265°C 


NOTE 1: This is the maximum output voltage for any single output. The output voltage must be consistent 
with the maximum dissipation and derating curve for worst-case conditions. Example: All segments 
“fon’’, 100% duty cycle. 
Q 
BCD 
INPUTS .b 
¢e 
g | SEGMENT 
DRIVER 
e | OUTPUTS 
f 
9 


SEGMENT 
IOENTIFICATION 


= 92CM-30346RI 
SEGMENT DRIVER 


Fig. 1 — Functional block diagram of the CA3161E. 


ELECTRICAL CHARACTERISTICS at T, = 25°C 


CHARACTERISTIC 


Supply Voltage Operating Range, Vt 
Supply Current, It (all inputs high) 
Output Current Low (Vo = 2 V) 
Output Current High (Vg = 5.5 V) 


Input Voltage High (logic “’1’’ level) 
Input Voltage Low (logic ‘’0’’ level) 


Input Current High (logic ‘’1’’) 


Input Current Low (logic ‘’0’’) 


Propagation Delay Time 


4 
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Features: 


= TTL-compatible input logic levels 


= 25-mA (typ.) constant-current segment outputs 


® Eliminates need for output current-limiting resistors 


= Pin compatible with other industry standard decoders 


= Low standby power dissipation — 18 mW (typ.) 
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TERMINAL ASSIGNMENT 
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The photographs and dimensions represent 
a chip when it is part of the wafer. When the 
wafer is cut into chips, the cleavage angles 
are 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 


CA3161E 


TRUTH TABLE 


257 


CA3162E 


A/D Converter for 3-Digit eee 
Digital Readout System | ® Dual-slope A/D conversion 


® Ultra-stable internal band-gap voltage reference 
. . = Capable of reading 99 mV below ground with single supply 
The CA3162E is a monolithic integrated : s ee input ee a 
circuit that comprises the A/D converter = Internal timing — no external clock require 
aes Cae es Eras ancuatesuciany ® Choice of low-speed (4-Hz) or high-speed (96-Hz) 
ikea ae g g y ; conversion rate 


Circuit Description 


It is used with the CA3161E BCD-to-Seven- = “Hold” inhibits conversion but maintains display 
Segment Decoder/Driver* and a minimum = Multiplexed operation for high efficiency 
of external parts to implement a complete al yee indication — “EEE” for reading greater than 
system +999 mV, ”___” for reading more negative than —99 mV 
eee recy eer when used with CA3161E BCD-to-Seven Segment Decoder/ 
* The CA3161E is described: in RCA data bulletin Driver 
File No. 1079. 
TERMINAL ASSIGNMENT 
. . CA3162E 
ELECTRICAL CHARACTERISTICS at Ty = 25°C, V+ =5 V, Zero pot centered, aé6 a 3 oeee 
gain pot = 2.4 k{) unless otherwise stated ourPurs | 2° ween 
LIMITS Ne : 
CHARACTERISTIC TEST CONDITIONS one puss )MS0@ @ GAIN Adu 
| Max. LsD ©) (3) INTEGRATING CAP 
& Min. | Typ HOLO/BYPASS 6) (1) HIGH INPUT 
; GND @) ( LOW INPUT 
Operating Supply av ZERO ADJ ©) (5) ZERO ADy. 
Voltage Range, V+ SOTA 
Supply Current, I+ 100 kQ2 to V* on terms. 3,4,5 ea gaces 208'9 
Input Impedance, 2, aes 


Input Bias Current, ljg | Terms. 10 and 11 

Unadjusted Zero Offset | V14—V 49 = OV, read decoded V2 
output | 

Unadjusted Gain V11—V19 = 900 mV, read decoded | 846 
Output 


Linearity See Notes 1 and 2 re 


Conversion Rate: 
Slow Mode 


Fast Mode 


Conversion Control 
Voltage (Hold Mode) at 
Terminal 6 


Common-Mode Input See Note 3 02 
Voltage Range, Vicr 
BCD Sink Current at 
terms. 1,2,15,16 Vecp < 0.5 V, at logic zero state 
Digit Select Sink Cur- _ . 
V Digit Select = 4V at logic zero state} 1.6 


Gain Temperature ; 
eee ne V1 = 900 mV, gain pot = 2.4 k82 further divided by 96 to obtain the slow- 


speed conversion rate of 4 Hz (terminal 6 
NOTES: | . open or grounded). When the “hold” termi- 
1. Apply zero volts across V4 to Vig. Adjust zero potentiometer to give 000 mV reading. Apply 900 mV nal (terminal 6) is biased to +1.2 V, con- 
to input and adjust gain potentiometer to give 900 mV reading. 
2. Linearity is measured as a difference from a straight line drawn through zero and positive full scale. 
_ Limits do not include 40.5 count bit digitizing error. 
3. For applications where negative terminal 10 is not operated at terminal 7 potential, a return path of 


not more than 100 kQ resistance must be provided for input bias currents. When terminal 6 is biased at +5 V, a portion 
of the divide-by-96 circuitry is disabled so 


that the conversion rate increases to 24 times 
the slow-speed rate (4 x 24 = 96 Hz). Note 


The functional block diagram of the CA3162E 
_ is shown in Fig. 1. The heart of the system 
is the V/I converter and reference-current 
generator. The V/I converter converts the 
input voltage applied between terminals 10 
and 11 to a current that charges the inte- 
grating capacitor on terminal 12 for a pre- 
determined time interval. At the end of the 
charging interval, the V/I converter is dis- 
connected from the integrating capacitor, 
and a band-gap reference constant-current 
source of opposite polarity is connected. The 
number of clock counts that elapse before 
the charge is restored to its original value is a 
direct measure of the signal induced current. 
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The restoration is sensed by the comparator, 
which in turn latches the counter. The 
count is then multiplexed to the BCD 
outputs. 


The timing for the circuit is derived from a 
786-kHz ring oscillator. The oscillator fre- 
quency is divided by 2048 to provide the 
multiplex rate of 384 Hz. This rate is 


+ 


version ceases, but multiplex continues and 
the reading is held and displayed con- 
tinuously. 


Oa ae 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE (between terminals 7and 14). . . . . . . ee HI 
INPUT VOLTAGE (terminal 100r11toground) . . . . .. . . . . Oe BV 
DEVICE DISSIPATION: 
Up to Ta = +55 C by ee aL. pa So ae RE Be i AD Bie os che es eee Se Howe ee GE 750 mW 
AboveTa=+55C. 2. 2 2 2 ew eee ee ee erate linearly at 7.9 mW/ C 
AMBIENT TEMPERATURE RANGE: é 
Operating. = % << somos wk Bo Se ee nt ch ae at oe Be Se RB SOHO +75 C 
StOrage 5. 45 Se ak. dh ce ahs Oe a ae VR eth cle ce ote > —65 to +150 C 
LEAD TEMPERATURE (DURING SOLDERING): : 
At distance 1/16 + 1/32 inch (1.59 + 0/79 mm) from case for 10 seconds max. . . .. . +265 C 
ve ve BCD OUTPUTS 
ies : INTEGRATING posh ee 
CAP re me ll a vt 
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Fig. 1 — Functional block diagram of the CA3162E. 
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Fig. 2 — Basic digital readout system using the CA3162E and 
the CA3I6I1E. 


CA3162E 


that the multiplex rate is unchanged. Fig. 3 
shows the timing of conversion and digit 
select pulses for the high-speed mode. Note 
that the basic A/D conversion process requires 
approximately 5 ms in both modes. 

The “EEE” or “_____"’ displays indicate that 
the range of the system has been exceeded in 
the positive or negative direction, respec- 
tively. Negative voltages to —99 mV are dis- 
played with the minus sign in the MSD. The 
BCD code is 1010 for a negative overrange 


(___) and 1011 for a positive overrange 
(EEE). 


System Application 


Fig. 2 is the block diagram of a basic system 
using the CA3162E and the CA3161E. An 
actual-size PC board layout for this circuit 
is shown in Fig. 4. The BCD outputs of the 
CA3162E drive the BCD inputs of the 
CA3161E BCD-to-7-segment decoder directly. 
The seven-segment outputs are multiplexed 
to the three LED displays. The digits are 
selected by terminals 3, 4, and 5 (CA3162E), 
which provide base current to the external 
p-n-p transistors. The p-n-p’s, in turn, provide 
current to the anodes of the display. Adjust- 
ment procedures for the gain and zero 
potentiometers are given in Note 1 of the 
Electrical Characteristics chart. 
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Fig. 3 — High speed mode timing diagram. 
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Fig. 4 — Component side of p.c. board 
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Fig. 5 — P.C. board layout for a basic digital readout system 
using the CA3162E and CA3167E. 
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The photographs and dimensions of each Linear 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into, chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 


Dimensions.in parentheses are in millimeters and | 4-10 

are derived from the basic inch dimensions as in- 0.102- 0.254) 

dicated. Grid graduations are in mils (10~% inch). 97-105 
(2.464 - 2.667) 
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CA3162E Liquid Crystal Display (LCD) 
Application 


Fig. 6 shows the CA3162E in a typical LCD 
application. LCD's may be used in favor of 
LED displays in applications requiring lower 
power dissipation, such as battery-operated 
equipment, or when visibility in high-ambient- 
light conditions is desired. 


Multiplexing of LCD digits is not practical, 
since LCD’s must be driven by an ac signal 
and the average voltage across each segment is 
zero. Three CD4056B liquid-crystal decoder/ 
drivers are therefore used. Each CD4056B 
contains an input latch so that the BCD data 
for each digit may be latched into the decoder 
using the inverted digit-select outputs of the 
CA3162E as strobes. 


Inverters G1 and G2 are used as an astable 
multivibrator to provide the ac drive to the 
LCD backplane. Inverters G3, G4, and G5 are 
the digit-select inverters and require pull-up 
resistors to interface the open-collector out- 
puts of the CA3162E to COS/MOS logic. 
The BCD outputs of the CA3162E may be 
connected directly to the corresponding 


CD4056B inputs (using pull-up resistors). In 
this arrangement, the CD4056B decodes the 
negative sign (—) as an ‘’L” and the positive 
overload indicator (E) as an “’H”’. 


CA3162E Common-Cathode, LED Display 
Application 

Fig. 7 shows the CA3162E connected to a 
CD4511B decoder/driver to operate a com- 
mon-cathode LED display. Unlike the 
CA3161E, the CD4511B remains blank for 
all BCD codes greater than nine. After 
999 mV the display blanks rather than dis- 
playing EEE, as with the CA3161E. When 
displaying negative voltage, the first digit re- 
mains blank instead of (—), and during a 
negative overrange the display blanks. 


The additional logic shown within the dotted 
area of Fig. 7 restores the negative sign (—), 
allowing the display of negative numbers as 
low as —99 mV. Negative overrange is indi- 
cated by a negative sign (—) in the MSD 
position. The rest of the display is blanked. 
During a positive overrange, only segment b of 
the MSD is displayed. 


CA3162E 


TO MSD 
OF LCD 
TO NSD 
OF LCD 
TO LSD 
OF LCD 
G1-G6 :CD4049UB 
HEX INVERTER 
G7- G8 :CD40lluB ea 
QUAD 2-INPUT NAND = geen Aue 
@ eo —p3> 
oe 
ISKN 
100K = 0.63 yF 
92CL- 31016 
Fig. 6 — Typical LCD application. 
1/3 CD4049U8 | 
i76CD4049UB | 
HP5082- 7433 
OR EQUIVALENT 


6 BUFFERS 
(1 CD40508) 


92CL- 31018 


Fig. 7 — Typical common-cathode LED application. 
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CA3164E 


Preliminary Data 


BiMOS Single-Chip Smoke Detector 


For Fire Detection Systems 


The RCA-CA3164E is a monolithic BiMOS 
integrated circuit designed to meet the 
stringent system requirements of a battery- or 
line-operated smoke detector circuit. When 
used with an ionization chamber and electro- 
mechanical horn, it provides a one-chip 
approach to smoke detection. No externa! 
active devices are required to interface with 


Features: 


@ Interfaces directly with ionization chamber — 
no external buffer FET required 

® Low input current: 1 pA max. 

= Gate-protected input terminals 

® On-chip beep oscillator for low battery 
indication — requires one external capacitor 

® Output capable of driving a conventional horn 


@ Self-contained low-battery-voltage detection circuit 


(a) Fixed or adjustable trip point available 


(b) Dynamic battery test when filter capacitor = 2 uF 


@ Chamber trigger voltage independent of 
battery supply voltage (less than 150 mV 
over temperature and supply variations) 

™ Designed to comply with U.L. 217 

™ Reference source current available = 5 vA 
(typ.) 

™ Low standby battery current = 8 WA (typ.) 

@ Can be used with photoelectric sensors by 
using a minimum of external passive 
components in combination with the 
RCA-CA3078 micropower op-amp 

@ Multiple-unit interconnect terminal controls 
acommon annunciator circuit 

(a) A fault to ground doesn’t prevent 
local operation. 

(b) The low battery alarm signal 
triggers only the local unit. 

= LED output indicates status of smoke- 

detector circuit 

™ Operates from 11 V (max.) supply (either 

battery or line) 3 
= Battery reversal protection feature 


IONIZATION 
CHAMBER 


either the chamber input or horn output 
terminals. The CA3164E can also be used 
with photoelectric chambers by the addition 
of several external components. 


TERMINAL ASSIGNMENT 


VReF (1) 4) vt 
BEEP TIMER 
CHAMBER IN (2) (3) NETWORK/PHOTO OSC. 


CHAMBER ADv. (3) 
BIAS SET (4 


LOW BATTERY ADy. (5) 


PHOTO/LED 
OUTPUT 6) 


GROUND (V~) (7) 


(12) INTERCONNECT . 
(i) ALARM OSC. ENABLE 
(10) NO CONNECTION 

v+ OR OUTPUT ENABLE 
(8) MECH. HORN DRIVER 


TOP VIEW a 
The CA3164E was designed to comply with | 92CS- 31019 
U.L. 217 and is supplied in the 14-lead dual- 
in-line plastic package. 
30 s—>f -- ONE SHOT 200 2 BEEP TIMER 
. MULTI — NETWORK / 
v+or VIBRATOR Ovt Osc. 
BATTERY (5) 
ADS. +6 Ae lie) a 
INTERNAL 
o. (Q) CONNECTION 
DO NOT USE 
REFERENCE ae ALARM OSC, 
VOLTAGE We (11) ENABLE 
(6) PHOTO/LED 
a 2.7 kQN/ OUTPUT 
: vt 
Bs 10 ko lg -Ovt 
ok = a LED 
FROM eS © MECH. 
IONIZATION . HORN 
CHAMBER i D-DD | +> . 
CHAMBER ADy. (3) 


Si wl a Oe 


= a 2 ko 
6) vtor INTERCONNECTOR 
OUTPUT ENABLE 


92CM-31020 
Fig. 1 — Simplified functional diagram for CA3164E. 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY VOLTAGE, V* +11V 
DEVICE DISSIPATION, Pp: 
Up toT, = 25 C oy a> : 600 mW 
Above T, = 25 C derate linearly at 6.7 mW/ C 
AMBIENT TEMPERATURE RANGE: F 
Operating 0 to +50 °C 
Storage... —65 to +150 C 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 £0.79 mm) from 
case for 10 seconds max. 


. +265°C 


% POLYCARBONATE OR EQUIVALENT 
INSULATION RESISTANCE >10 GQ 
APPROX. [nA LEAKAGE 


SUPPRESSION 
NETWORK 


|. CONTINUOUS HORN ON 
ALARM 


2. CAP. Cl ADJUSTS LOW 
BATTERY BEEP AND 
LED BLINK RATE 


92CS$~ 31021 


Fig. 2 — Basic ionization detector with electro-mechanical horn. 
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2N6i07 


| PULSE 
/5 SEC 


% POLYCARBONATE OR EQUIVALENT 
NOTES: 
1}. TERMINAL if CONNECTED TO GND = CONTINUOUS HORN 


2. Ci SETS TIMING FOR IRE DIODE = 
92CM-31022 


Fig. 3 — Typical photoelectric system using CA3164E. 


ELECTRICAL CHARACTERISTICS at Ty = 25°C, Vt =9 V 


CHARACTERISTIC TEST CONDITIONS 


Operating Voltage 


Common-Mode Input a 7 
Voltage Range, Vicr (V"-2V)=7V 


Low-Battery Trigger External adjust 


cS 
= 
= 
n 


Typ. 


™ = 
© “SN f[— 


7.7 


Voltage (increase only) ; 
Horn Driver Term.8=100mA 
VCE(SAT) Term. 8 = 300 mA 


Term. 2at 50 C 


| — | — | 50 | 
No LED connected a ee re 
LED connected—20 mA 
for 30 ms every 60s 


Photoelectric operation — 
_ LED photocurrent = 0.6 A 
5 sec. rate 


Reference Source Current | 


LED Driver Sink Current 
ISink =10uAtyp 


Interconnect Current 
Source = : 
ISource = 1.3 MA typ. 
Low-Battery Adjust, Term.5 
Input Current 
LED Blink Period Adjustable 


LED Pulse Width ixed 
Alarm Pulse Duty Cycle 


(4.7 MQ from Term. II - 
to gnd 


Reference Voltage 
Input Leakage 
Current, ty 


~ 
w& ~ 


oO 
NO 


iS 
oi— 
xo) 
> 


Standby Current (13 MQ 
from Term. 4 to gnd) 


w ~ - ls 


=| 
> 


2.8 


‘= 


3 ‘= 


=] 


N 


is) 


On-time 
On-time = 95% 
Off-time = 5% 


fo) 


* Adjustable to 5 vA 


Alarm 
Enable 
Pulser 


Remote 
Unit 
Status 


System 
Interconnect 


OPERATING MODES TRUTH TABLE 
Smoke Low | Led | Alarm 
lonization Battery 6 Horn 
Chamber 8 
Low Battery | No | Ves |Blink| Beep |x | 
Smoke In Chamber Yes Resistor 
; to ground 
**® Alarm Horn follows mode programmed for internal system input. For example, if terminal 11 has 
resistor connected to ground, horn will beep. If terminal 11 is connected to V*, horn will be “on.” 
Blink & Beep = 30 msec (fixed) every 50 sec (ADJ) 
Pulsed = 95% “‘on’’ time — Period is determined by resistor from terminal 11 to ground-5% Off Time 


11 
[Normal | No [Blink] Off | xX | 
[Low Battery | Blink X 
External Input A1 
From Remote Unit 
X = Don’t Care 
* Horn “Continuous” if terminal 11 is connected to V7 | 


CA3164E 


Connections for Optional Functions 
1. Low Battery Adjustment — Terminal 5 


Add diodes as shown below to increase the 
the low-battery trigger point. 


vto 


(5) 


2. Sounder Operating Mode 


Continuous sound on alarm — connect 
terminal 11 to V*. 


Pulsed sound on alarm — connect resistor 
between terminal and ground. 


3. Remote (Interconnect) 


Connect terminal 12 to same terminal on 
all other units (fan out = 20 units). When 
interconnecting units for the remote-alarm 
function, .the extremely low currents in- 
volved make it extremely important that 
a provision be made for limiting externally 
induced transients into the remote termi- 
al. For example, inadvertent contact with 
external power sources or electrical storm 
activity may cause triggering of the remote 
alarm function. The circuit below will re- 
duce the possibility of such occurences. 


© Ika 
0.01 uf TO OTHER 
re DETECTORS 
= 92CS- 31023 


4. LED On-Time Adjustment 


Option 1: The CA3164E is designed to 
provide a fixed LED on-time of approxi- 
mately 30 ms. For applications requiring 
a reduction in on-time the following cir- 
cuit is recommended: 


Tave*5 BA 
VOLTAGE AT TERM6 
BLINK 
EVERY 8 SECS. 470 kQ 30 ms 
ov 
TOTAL BAT. DRAIN TLep 
BuAt SpA *13 pA 20 se 
al lees Ims 


TO MECH. HORN 


92CS -31024 


This circuit reduces the LED on-time but 
does not affect the horn on-time of 30 ms. 
When using this configuration during the 
continuous-alarm mode (smoke in cham- 
ber) the LED will be off instead of on, as 
shown in the truth table. If the horn ts 
pulsed during the alarm mode, the LED 
will blink at the pulse rate. 
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Option 2: A chip design change can be 
implemented to generate a 10 ms LED 
on-time. The sounder would also be pulsed 
for only 10 ms. A further reduction in 
this time may result in faulty operation 
of the sounder. 


5. Cleaning Procedure 


To insure leakage currents of less than 
1 pA the following procedure is recom- 
mended: 


(a) degrease in trichlorethylene 
(b) rinse in de-ionized water 


Circuit Description 


Basic Functions — The CA3164E is designed 
to interface directly with an ionization- 
chamber type of smoke detector. Upon being 
triggered by a decreasing voltage at the ion- 
ization-chamber output, the IC operates a 
mechanical transducer. In addition to this 
basic smoke-detector function, another cir- 
cuit monitors and compares the battery voit- 
age to an internal reference-voltage source. 
Once the battery voltage drops below a de- 
fined level, a short 30-ms beep sound is 
produced in synchronism with an LED indi- 
cator every 50 seconds. This rate is de- 
termined by a programming resistor con- 
nected between terminal 4 and ground and 
an external 0.1 uF capacitor connected be- 
tween terminal 13 and ground. . 


A buffered output voltage is available from 
the reference supply that may be used to 
operate the ionization chamber. This voltage 
helps maintain constant sensitivity with de- 
creasing supply voltage. 


There are two alarm modes and two con- 
ditions that will sound the alarm. The first 
alarm condition is the normal smoke in the 
ionization chamber; the other condition is a 
high level to the remote input/output termi- 
nal of the IC. 


The first alarm mode is the customary con- 
tinuous sound. The second alarm mode is an 
interrupted or pulsed sound. 


Operation — The CA3164E is current pro- 
grammable by placing a resistor from terminal 
4 to ground. This resistor establishes the 
operating current levels for all the current 
sources within the IC including the timing 
circuits. 
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An operational amplifier configuration is 
used for the ionization chamber input. 


P-channel MOS field effect transistors are 
used on this input in the bootstrap con- 
figuration shown in Fig. 4 to drive the 
protection diodes and maintain the sub- 
pioampere input current. 


DIFF. PAIR 


[ x1 BUFFER 
- 92CS-31024 


Fig. 4 — Schematic of ionization-chamber amplifier. 


A conventional bipolar amplifier is used for 
the battery monitor circuit. The zener diode 
is biased at about 3 WA. This zener voltage 
is raised one Vag and then applied to the 
base of an emitter-follower transistor to 


buffer and reflect the zener voltage to the 
outside reference terminal. By providing an 
additional input terminal (terminal 5), where 
three level-shifting diodes are available, an 
additional external means is provided to raise 
the voltage level at which the CA3164E goes 
into the low-voltage alarm mode. 


An integrating type of timer is used to 
generate the one-minute LED power-monitor 
and battery-function indicator pulse. Fig, 5 
shows the system. A constant-current source 
charges the external 0.1-4F timing amplifier 
P1, which subsequently triggers the 30-ms 
one-shot multivibrator composed of mchannel 
MOS transistor N3 and n-p-n transistor Q1. 


Ng is then cut off and its drain climbs to the 
supply rail, linearly charging capacitor CP. 
When the drain of Ng reaches the supply rail, 
the charging current ceases, cutting off the 
base current of Ny and discharging the 
Capacitor. — 


An open-collector n-p-n transistor is used to 
drive the optional external LED power 
monitor and battery condition indicator. 


When terminal 11 is returned to Vt the alarm 
sounds continuously. However, it terminal 11 


is returned to ground through a programming 
resistor as shown in the block diagram, the 
alarm pulses. The pulse rate is determined by 
the sum of the current through the pro- 
gramming resistor connected to terminal 11 
and the current from the basic timer current 
source. Thus, when the detector goes into the 
alarm mode, the nominal 50-second timer is 
increased to a nominal 0.5-second period. 
This second 0.5-second rate is a function of 
the external 4.3-M Q programming resistor. 


Vind 


92CS-31026 


Fig. 5 — Schematic of timer and one-shot multivibrator. 


A large n-p-n transistor at terminal 8 is 
capable of operating the typical mechanical 
interrupter type sounders. An active pull-up 
transistor is also incorporated in this circuit. 
Terminal 9 must be returned directly to Vt. 


Terminal 12, the interconnect terminal, is 
both an input and output for the circuit. 
When connected by two wires to other units, 
alarm in any one unit will activate the other 
units. A small sinking current of only 10 uA 
keeps the line impedance down while a 
sourcing current of over 2 mA is available in 
the alarm mode. This current is more than 
sufficient to trigger over 20 additional units. 


Dual BiMOS Operational Amplifiers 


With MOS/FET Input, Bipolar Output 


The RCA-CA3240A and CA3240 are dual 
versions of the popular CA3140-series inte- 
grated circuit operational amplifiers. They 
combine the advantages of MOS and bipolar 
transistors on the same monolithic chip. The 


gate-protected MOS/FET (PMOS) input tran- 


sistors provide high input impedance and a 
wide common-mode input voltage range 
(typically to 0.5 V below the negative supply 
rail). The bipolar output transistors allow a 
wide output voltage swing and provide a high 
output current capability. 


The CA3240A and CA3240 are supplied in 
the 8-lead dual-in-line plastic package (Mini- 
DIP, E suffix), and in the 14-lead dual-in-line 
plastic package (E1 suffix). They are pin- 
compatible with the industry standard 747 
and 1458 operational amplifiers in similar 
packages. The CA3240A and CA3240 have 
an operating-temperature range of —40 to 
+85°C. The offset null feature is available 
only when these types are supplied in the 
14-lead dual-in-line plastic package (E1 suf- 
fix). 


NON-INVERTING 
INPUT 


OFFSET NULL 


ALL RESISTANCE VALUES ARE IN OHMS. 
X% ONLY AVAILABLE WITH I4-LEAD DIP (El SUFFIX) 


Features: 


Dual version of CA3140 
Internally compensated 
MOS/FET input stage 


(a) Very high input impedance (Z),)) — 1.5 TQ. typ. 

(b) Very low input current (1;) — 10 pA typ. at + 15 V 

(c) Wide common-mode input-voltage range (Vicr) — 
can be swung 0.5 volt below negative supply- 


voltage rail 


CA3240, CA3240A Types 


TOP VIEW 


INV. 
inpur (ay) 
NON-IN 
INPUT (AIC2) 
OFFSET 
NULL (A) 
v- @ NC 
OFFSET 
NULL (8) 


NON- INV. 
INPUT(B) 


INV. 
INPUT (B) (7) 


* INS 9 AND I3 INTERNALLY  92CS- 30012 


CONNECTED THROUGH APPROX 
32 


E1 Suffix 
Pin compatible with the 
industry-standard 747 


(d) Rugged input stage — bipolar diode protected 


Directly replaces industry types 747 and 1458 in 


most applications 

Operation from 4-to-36 volts 

single or dual supplies 

Characterized for + 15-volt operation and for 


TTL supply systems with operation down to 4 


volts 

Wide bandwidth — 4.5 MHz unity gain at 
+15 Vor 30 V 

High voltage-follower slew rate — 9 V/us 
Output swings to within 0.5 volt of 
negative supply at Vt =5 V, V— =0 


92CL -30014 


Fig. 2 — Schematic-diagram of one-half CA3240 series. 


OUTPUT (A) (1 = 


INV. 
INPUT (A) @ 


NON - INV 6) INV. 
INPUT (A) INPUT (8) 
2 NON - INV. 
ve @ INPUT (8) 
TOP VIEW 
92CS- 30011 


E Suffix 


Pin compatible with the 
industry-standard 1458 


Fig. 1 — Functional diagrams. 


Applications: 

= Ground-referenced single-supply amplifiers 
in automobile and portable instrumentation 

® Sample and hold amplifiers 

® Long-duration timers/multivibrators. 
(microseconds—minutes—hours) 

™ Photocurrent instrumentation 

= Active filters @ Intrusion alarm systems 

® Comparators ® Instrumentation amplifiers 

® Function generators & Power supplies 


Circuit Description 


The schematic diagram of one amplifier 
section of the CA3240 is shown in Fig. 2. It 
consists of a differential amplifier stage using 
PMOS transistors Q9 and Q10 with gate-to- 
source protection against static discharge 
damage provided by zener diodes D3, D4, 
and D5. Constant current bias is applied to 
the differential amplifier from transistors Q2 
and Q5 connected as a constant-current 
source. This assures a high common-mode 
rejection ratio. The output of the differential 
amplifier is coupled to the base of gain stage 
transistor Q13 by means of an n-p-n current 
mirror that supplies the required differential- 
to-single-ended conversion. Provision for off- 
set null for types in the 14-lead plastic 
package (E1 suffix) is provided through the 
use of this current mirror. 
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CA3240, CA3240A Types 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY VOLTAGE . 
(BETWEEN V* AND V~ TERMINALS) 
OPERATING VOLTAGE RANGE 


DIFFERENTIAL-MODE INPUT VOLTAGE 
COMMON-MODE DC INPUT VOLTAGE 
INPUT-TERMINAL CURRENT 
DEVICE DISSIPATION: 

UP TO 55°C 

ABOVE 55°C 
TEMPERATURE RANGE: 

OPERATING 

STORAGE: cette te Oe, Tete a 
OUTPUT SHORT-CIRCUIT DURATION® 
LEAD TEMPERATURE (DURING SOLDERING): 


AT DISTANCE 1/16 £1/32 INCH (1.59 + 0.79 MM) 


FROM CASE FOR 10 SECONDS MAX. 


36V 

4to 36 V 

or +2 to t1i8 V 

ee Mee a) Ne +8 V 
(vt +8 V) to (V~ —0.5 V) 
a Ue ee 1mA 


De. te uA 630 mW 
Derate linearly 6.67 mW/°C 


—40 to +85°C 


. —65 to +150°C 
UNLIMITED 


. +265°C 


: Short circuit may be applied to ground or to either supply. Temperatures and/or supply voltages must 


be limited to keep dissipation within maximum rating. 


ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 
At V+=15 V, V~ =15 V, Ty = 25°C Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC 


Input Offset Voltage, 
Input Offset Current, 


Large-Signal 
Voltage Gain, 
(See Figs. 4, 19) 


Common-Mode 
Rejection Ratio, 
(See Fig. 9) 


Common-Mode 
Input-Voltage 
Range, 

(See Fig. 16) 


Power-Supply AViQ/AV 


Rejection Ratio, 
(See Fig. 11) 


Maximum Output 
Voltage,” 


(See Figs. 22, 16) 
Maximum Output 


Voltage, t 


Supply Current, 
(See Fig. 7) 
For Both Amps. 


Total Device 
Dissipation, 


® At Vo = 26 Vo.5, +12 V, -14 V and Ry =2 ko. 


s p-p’ 
At Ry = 2k. 


Viol 
iol 


=| © 


CMRR 


ey 

et 

al 

20 k 
“Tee 

P= pe 

70 | 80 

—15 | 

| — | 


—Tatvt=5v, V7 =GND, Ig, = 200 uA. 
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OFFSET 
NULL 3 


The gain stage transistor Q13 has a high- 
impedance active load (Q3 and Q4) to pro- 
vide maximum open-loop gain. The collector 
of Q13 directly drives the base of the com- 
pound emitter-follower output stage. Pull- 
down for the output stage is provided by 
two independent circuits: (1) constant- 
current-connected transistors Q14 and Q15 
and (2) dynamic current-sink transistor O16 
and its associated circuitry. 7he./evel of pull- 
down current is constant at about 1.mA for 
Q15 and varies from 0 to 18 mA for Q16 
depending on the magnitude of the voltage 
between the output terminal and V*. The 
dynamic current sink becomes active when- 
ever the output terminal is more negative 
than Vt by about 15 V. When this condition 
exists, transistors Q21 and Q16 are turned on 
causing Q16 to sink current from the output 
terminal to V~. This current always flows 
when the output is in the linear region, either 
from the load resistor or from the emitter of 
Q18 if no load resistor is present. The purpose 
of this dynamic sink is to permit the output 
to go within 0.2 V (VcE(sat)) of V~ with a 
2-k82 load to ground. When the load is 
returned to V*, it may be necessary to supple- 
ment the 1 mA of current from Q715 in order 
to turn on the dynamic current sink (Q76). 
This may be accomplished by placing a 
resistor (approx. 2 k{2) between the output 
and V~—. 


BIAS CIRCUIT 
CURRENT SOURCES 
ANO REGULATOR 


a our 
ala . 


%* ONLY AVAILABLE WITH 
14-LEAD DIP (El SUFFIX) 


92CS-30013 


Fig. 3 — Block diagram of one-half CA3240 series. 


LOAD RESISTANCE (R,)= 2 k2 


Ao_)— 4B 


z 
3 
g 
g 
8 
: 


SUPPLY VOLTAGE (V*, V~)— VOLTS 
92CS- 30015 


Fig. 4 — Open-loop voltage gain as a function of 
supply voltage and temperature. 


CA3240, CA3240A Types 


TYPICAL ELECTRICAL CHARACTERISTICS 20 | LOAD RESISTANCE (RL) * 2 ka 


TEST 
CONDITIONS 


CHARACTERISTIC v+=+15 V_ |CA3240A | CA3240 | UNITS 
V-=-15V 
Tp = 25°C 


Typ. Value of 
Input Offset Voltage Resistor Between . 
Adjustment Resistor Terms. 4 and : 
(E1 Package Only) 3(5) or Between 
4 and 14(8) to 
Adjust Max. 


kQ 


LOAD CAPACITANCE (C;)= 100 pF 


TYPICAL VALUES 


N 
= 
= 
= 
= 
= 
oO 
2 
a 
oO 
x 
a 
x= 
e 
2 
= 
Qa 
Zz 
< 
a 
1 
7 
< 
oO 


AMBIENT TEMPE 


~ 


5 
SUPPLY VOLTAGE (V*, V7) — VOLTS 
92CS-300I6 
Fig. 5 — Gain-bandwidth product as a function 
of supply voltage and temperature. 


LOAD RESISTANCE (R,)*2 k2 H 
LOAD CAPACITANCE (C,) #100 pF} 
H LT 


20 


Equivalent Wideband 
Input Noise Voltage 
(See Fig. 21) 


Equivalent Input fet kHe 
f= Hz |Re= 
Noise Voltage Tene as 
(See Fig. 10) f=10 kHz|100 22 


Short-Circuit Current to 
Opposite Supply Source lom* 


SLEW RATE (SR)— V/us 


SUPPLY VOLTAGE (V*, v~)— VOLTS 
92CS- 30017 


Gain-Bandwidth 
Product 
(See Figs. 5 and 19) 


Slew Rate 
(See Fig. 6) 


Transient Response: 
Rise Time 


Overshoot (See Fig. 20) 


Settling Time 
at 10 Vp-p: 
(See Fig. 17) 


Fig. 6 — Slew rate as a function of supply 
voltage and temperature. 


vauarcan 
9 4nnr.7 aan 


QUIESCENT SUPPLY CURRENT (Lt)—ma 
FOR BOTH AMPS 


Crosstalk 


SUPPLY VOLTAGE (Vt,V~)—V 
92CS- 30018 


Fig. 7 — Quiescent supply current as a 
_ function of supply voltage and 
temperature. 


120}SUPPLY VOLTAGE: V*#15 Vv, V~=- 
@Q AMBIENT TEMPERATURE (Ta) = 25°C 


AMBIENT TEMPERATURE (Ta) = 25°C 
SUPPLY VOLTAGE: V*=(5 V, V~=-BV 


I 
« 
« 
= 
2 
- 
% 
Ls 
z 
° 
- 
Oo 
Lt 
= 
ud 
e 
la 
Qa 
9 
= 
3 
3 
oO 


PEAK-TO-PEAK OUTPUT VOLTAGE (Vg p-p) — V 


EQUIVALENT INPUT NOISE VOLTAGE (Eq) — nV/Az 


2 4 6 8 
| 


[asa 


ape we ok aM lo 10? 108 10* ios 108 10” 
FREQUENCY (f)— Hz CUETO regs FREQUENCY (f) — Hz 
92c$ -27908 , 92CS- 30020 
Fig. 8 — Maximum output voltage swing Fig. 9 — Common-mode rejection ratio Fig. 10 — Equivalent input noise voltage 
as a function of frequency. as a function of frequency. as a function of frequency. 
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CA3240, CA3240A Types 


ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 
At Vt=15V, V-=15V, Ta = —40 to +85 °C Unless Otherwise Specified 


CHARACTERISTIC 


Input Offset Voltage, Viol re Se 
Input Offset Current® = |Iyo| 


Input Current,® I 


Large-Signal 
Voltage Gain, Ao. 
(See Figs. 4, 19) 


Common-Mode 
Rejection Ratio, CMRR 
(See Fig. 9) 


Common-Mode 
Input-Voltage Range, Vicr 
(See Fig. 16) 


TYPICAL VALUES | UNITS 
CA3240A CA3240 


SUPPLY VOLTAGE: V*=I5 V; V7=-15 V_ il POWER SUPPLY 


REJECTION RATIO 
AMBIENT TEMPERATURE (Ta) # 25° C |] (PSRR) « AV70/AV 


mV 
| 4B | 


POWER SUPPLY REJECTION RATIO (PSRR) — dB 


FREQUENCY (f) — Hz 
92CS~ 3002! 


Fig. 11 — Power supply rejection ratio 
as a function of frequency. 
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Power-Supply-Rejection 
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Maximum Output 
Voltage,™ 


(See Figs. 16, 22) 


Supply Current, LP | 
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Temperature Coefficient 

of Input Offset Voltage, AVjQ/AT 


® At Vo = 26 Vp.p, 12 V, -14 Vand Ry =2k92. 
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Fig. 14 — Crosstalk as a function of frequency. 
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TYPICAL ELECTRICAL, CHARACTERISTICS FOR DESIGN GUIDANCE 


At Vt =5V, V—=0V, Ta = 25°C 


CHARACTERISTIC 


Viol 


Input Offset Current, lliol 


Input Resistance 


Large-Signal Voltage Gain, 
(See Figs. 4, 19) 


AOL 


Common-Mode Input-Voltage 
Range, 
(See Fig. 22) 


Power-Supply Rejection Ratio, PSRR 


Maximum Output Voltage, 
(See Figs. 16,22) 


Maximum Output Current: 
Source, 


Slew Rate (See Fig. 6) 


Gain-Bandwidth Product, 
(See Fig. 5) 


Supply Current, 
(See Fig. 7) 


Device Dissipation, 


SUPPLY VOLTAGE : V"*I6 V; V"#~-16 V 


AMBIENT TEMPERATURE (Tg) = 25°C 
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Fig. 17 — Input voltage as a function of settling time. 
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CA3240, CA3240A Types 


Hy = OUTPUT VOLTAGE (+Vo) 
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Fig. 18 — Input current as a function of 
ambient temperature. 


SUPPLY VOLTAGE: V*= +15 V; V~=-I5 V Bill 
AMBIENT TEMPERATURE (Ta) = 25°C 


FREQUENCY (ft) — Hz 
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Fig. 19 — Open-loop voltage gain and phase lag 
as a function of frequency. 
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CA3240, CA3240A Types" 


BW (-3dB8)*4.5 MHz 
SR*9 V/ys 


0.05 uF 


92CS-30028 


TOP TRACE: INPUT 


BOTTOM TRACE : OUTPUT 
(50 mV/ DIV , 200 ns/DIV) 


a) 3 { i 
(a) SMALL SIGNAL RESPONSE 


a TOP TRACE : INPUT 
(SV/DIV ; | ys/DIV.) 


Ma BOTTOM TRACE : OUTPUT 
(5 V/DIV.,!1 ns/DIV.) 


yi - i 4 : i j ’ j . : 
(b) LARGE SIGNAL RESPONSE 
92CS- 30029 


Fig. 20 — Split-supply voltage-follower test circuit and associated waveforms. 


APPLICATIONS CONSIDERATIONS 
Output Circuit Considerations 


Fig. 22 shows output current-sinking capa- 
bilities of the CA3240 at various supply 
voltages. Output voltage swing to the nega- 
tive supply rail permits this device to operate 
both power transistors and thyristors directly 
without the need for level-shifting circuitry 
usually associated with the 741 series of 
operational amplifiers. 


Fig. 23 shows some typical configurations. 
Note that a series resistor, Ri, is used in both 
cases to limit the drive available to the driven 
device. Moreover, it is recommended that a 
series diode and shunt diode be used at the 
thyristor input to prevent large negative 
transient surges that can appear at the gate of 
thyristors, from damaging the integrated cir- 
cuit. 


8; SUPPLY VOLTAGE (V~)=0 V : 
6| AMBIENT TEMPERATURE (Tg) * 25°C: 


SATURATION VOLTAGE — mV 
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go 
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Fig. 22 — Voltage across output transistors 
Q715 and Q16 as a function of 
load current. 


Input Circuit Considerations 


As indicated by the typical VICR, this device 
will accept inputs as low as 0.5 V below V-. 
However, a series current-limiting resistor is 
recommended to limit the maximum input 
terminal current to less than 1 mA to prevent 
damage to the input protection circuitry. 
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Ovt O +HV 


92CS- 30030 


Fig. 23 — Methods of utilizing the Vog(sat) 
sinking-current capability of the 
CA3240 series. 


Moreover, some current-limiting resistance 
should be provided between the inverting 
input and the output when the CA3240 is 
used as a unity-gain voltage follower. This 
resistance prevents the possibility of ex- 
tremely large input-signal transients from 
forcing a signal through the input-protection 
network and directly driving the internal 
constant-current source which could result 
in positive feedback via the output terminal. 
A 3.9-kQ resistor is sufficient. 


The typical input current is in the order of 
10 pA when the inputs are centered at nomi- 
nal device dissipation. As the output supplies 


load current, device dissipation will increase, 
raising the chip temperature and resulting in 
increased input current. Fig. 24 shows typi- 
cal input-terminal current versus ambient 
temperature for the CA3240. 


It is well known that MOS/FET devices can 
exhibit slight changes in characteristics (for 
example, small changes in input offset volt- 
age) due to the application of large differ- 
ential input voltages that are sustained over 
long periods at elevated temperatures. 


(50 mV/DIV, 200 ns/DIV) 


NOISE 
© VOLTAGE 
OUTPUT 
BW(-3dB)= 140 kHz ae 
TOTAL NOISE VOLTAGE (REFERRED 
TO INPUT) =48 4 V TYP. 
92C8- 30027 


Fig. 21 — Test-circuit amplifier (30-dB gain) 
used for wideband noise measurement. 


Both applied voltage and temperature ac- 
celerate these changes. The process is rever- 
sible and offset voltage shifts of the opposite 
polarity reverse the offset. In typical linear 
applications, where the differential voltage is 
small and symmetrical, these incremental 
changes are of about the same magnitude as 
those encountered in an operational amplifier 
employing a bipolar transistor input stage. 


SUPPLY VOLTAGE: V*t« 415 V, V7s~I5 V 
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AMBIENT TEMPERATURE (Ta) — °C 
92CS$- 3003) 
Fig. 24 — Input current as a function of 
ambient temperature. 


Offset-Voltage Nulling 


The input-offset voltage of the CA3240AE1 
and CA3240E1 can be nulled by connecting 
a 10-kQ2 potentiometer between Terminals 3 
and 14 or 5 and 8 and returning its wiper arm 
to Terminal 4, see Fig. 25a. This technique, 
however, gives more adjustment range than 
required and therefore, a considerable portion 
of the potentidmeter rotation is not fully 
utilized. Typical values of series resistors that 
may be placed at either end of the potentio- 
meter, see Fig. 25b, to optimize its utilization 
range are given in the table ‘‘Electrical 
Characteristics For Design Guidance’ shown 


_in this bulletin. 


An alternate system is shown in Fig. 25c. 
This circuit uses only one additional resistor 
of approximately the value shown in the 
table. For potentiometers, in which the 
resistance does not drop to zero ohms at 
either end of rotation, a value of resistance 
10% lower than the values shown in the table 
should be used. 


TYPICAL APPLICATIONS 


On/Off Touch Switch 


The on/off touch switch shown in Fig. 26 
uses the CA3240E to sense small currents 
flowing between two contact points on a 
touch plate consisting of a PC board metal- 
lization ‘‘grid’’. When the ‘‘on” plate is 
touched, current flows between the two 
halves of the grid causing a positive shift in 
the output voltage (Term. 7) of the CA3240E. 
These positive transitions are fed into the 
CA3059, which is used as a latching circuit 
and zero-crossing triac driver. When a positive 
pulse occurs at Terminal 7 of the CA3240E, 
the triac is turned on and held on by the 
CA3059 and its associated positive feedback 
circuitry (51-kQ resistor and 36-k92/42-kQ 
voltage divider). When the positive pulse 
occurs at Terminal 1 (CA3240E), the triac is 
turned off and held off in a similar manner. 
Note that power for the CA3240E is supplied 
by the CA3059 internal power supply. 


The advantage of using the CA3240E in this 
circuit is that it can sense the small currents 
associated with skin conduction while al- 
lowing sufficiently high circuit impedance to 
provide protection against electrical shock. 


Dual Level Detector (window comparator) 


Fig. 27 illustrates a simple dual liquid level 
detector using the CA3240E as the sensing 
amplifier. This circuit operates on the princi- 
ple that most liquids contain enough ions in 
solution to sustain a small amount of current 
flow between two electrodes submersed in 
the liquid. The current, induced by an 0.5-V 
potential applied between two halves of a 


PC board grid, is converted to a voltage level 
by the CA3240E in a circuit similar to that 
of the on/off touch switch shown in Fig. 26. 
The changes in voltage for both the upper 
and lower level sensors are processed by the 
CA3140 to activate an LED whenever the 
liquid level is above the upper sensor or 
below the lower sensor. 


Constant-Voltage/Constant-Current Power Supply 


The constant-voltage/constant-current power 
supply shown in Fig. 28 uses the CA3240E 
as a voltage-error and current-sensing ampli- 
fier. The CA3240E is ideal for this application 
because its input common-mode voltage-range 
includes ground, allowing the supply to 
adjust from 20 mV to 25 V without requiring 
an additional negative input voltage. Also, 
the ground reference capability of the CA- 
3240E allows it to sense the voltage across 


the 1-22 current-sensing resistor in the nega- 
tive output lead of the power supply. The 
CA3086 transistor array functions as a refer- 
ence for both constant-voltage and constant- 
current limiting. The 2N6385 power Darling- 
ton is used as the pass element and may be 
required to dissipate as much as 40 W. Fig. 
29 shows the transient response of the 
supply during a 100-mA to 1-A load transi- 
tion. 


CA3240, CA3240A Types 


a. BASIC b IMPROVED c. SIMPLER 
RESOLUTION IMPROVED 
RESOLUTION 
* SEE CHARACTERISTICS CHART 92CS-30032 
FOR VALUE R 


Fig. 25 — Three offset-voltage nulling methgds. 
(CA3240AE1, CA3240E1 only.) 
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Fig. 26 — On/off touch switch. 
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Fig. 27 — Dual level detector. 
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CA3240, CA3240A Types 


2N6385 
DARLINGTON 


CA3066E 
TRANSISTOR 
ARRAY 


<i. CHASSIS GROUND 


Vo RANGE = 20 mV— 25V 
LOAD REGULATION : 


VOLTAGE < 0.08 % 


92CL- 30007 


CURRENT<0.05 % 
OUTPUT HUM AND NOISE = < 150, V RMS 


(10 MHz 


BANDWIOTH) 


CINE REGULATION=< 0.1%/Vo 


Io RANGE= 10 mA—1.3A 


Fig. 28 — Constant-voltage/constant-current power supply. 


TRANSIENT RESPONSE 


TOP TRACE: OUTPUT VOLTAGE 
(500 mV/em AND Sys/cm) 


BOTTOM TRACE : COLLECTOR OF LOAD 
SWITCHING TRANSISTOR 
LOAD=!00 mA TO 1A 
(5V/cm AND 5 ps/cm) 


” g2c8-30034 


Fig. 29 — Transient response. 


Precision Differential Amplifier 


Fig. 30 shows the CA3240E in the classical 
precision differential amplifier circuit. The 
CA3240E is ideally suited for hiomedical 
applications because of its extremely high 
input impedance. To insure patient safety, an 
extremely high electrode series resistance is 
required to limit any current that might 
result in patient discomfort in the event of a 
fault condition. In this case, 10-MQQ resistors 
have been used to limit the current to less 
than 2 pA without affecting the performance 
of the circuit. Fig.31 shows a typical 
electrocardiogram waveform obtained with 
this circuit. 
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2000 pF 


OOK 1% 


TwO COND. 
SHIELDED 
CABLE 


FREQUENCY RESPONSE (-3d8) OC TO (MHz 
SLEW RATE*1.5V/u sec 

COMMON MODE REJ: 8648 

GAIN RANGE : 35 dB - 6048 
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Fig. 30 — Precision differential amplifier. 


CA3240, CA3240A Types 


Differential Light Detector 


In the circuit shown in Fig. 32, the CA3240E 
converts the current from two photo diodes 
to voltage, and applies 1 V of reverse bias to 
the diodes. The voltages from the CA3240E 
outputs are subtracted in the second stage 


(CA3140) so that only the difference is 
amplified. In this manner, the circuit can be 
used over a wide range of ambient light 


0.015 pF 


conditions without circuit component ad- \ 
justment. Also, when used with a light source, < 
the circuit will not be sensitive to changes in ¢30809 


light level as the source ages. DIODE SO 


TYPICAL ELEC TROCARDIOGRAM WAVEFORM 


0.015 uF 92CM- 30009 
VERTICAL : 1.0 mV/ DIV. 
(AMPLIFIER GAIN = 100X) 
(SCOPE SENSITIVITY = O.IW/DIV. 
HORIZONTAL : > 0.2 SEC/DIV (UNCAL) Fig. 32 — Differential light detector. 


92CS~-30033 


Fig. 31 — Typical electrocardiogram waveform. 


CA3240H Dimensions and Pad Layout 


102-0 
(2.591- 2.794) 


The photographs and dimensions represent a chip 
when it is part of the wafer. When the wafer is cut 
into chips, the cleavage angles are 57° instead of 
90° with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0.17 mm) 
larger in both dimensions. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~° inch). 


| *~T0.102- 0.254) 
(2.007-2.209)} | 


NOTE: NOS. IN PADS ARE FOR 14-LEAD DIP oeuMneods* 
NOS. OUTSIDE OF CHIP ARE FOR 8-LEAD DIP 
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CA3290, CA3290A, CA3290B ee 
BiMOS Dual Voltage Features: 


TERMINAL ASSIGNMENTS 


= MOS/FET input stage: 
Comparators 
With MOS/FET Input, Bipolar Output 


The RCA-CA3290B, CA3290A, and CA3290 
types consist of a dual voltage-comparator 
on a single monolithic chip. The common- 
‘mode input voltage range includes ground 
when operated from a single supply. The 


(a) Very high input impedance (Z),y) - 1.7 TQ typ. 
(b) Very low input current - 3.5 pA typ. at 
+5 V supply voltage 
(c) Low input-offset voltage (Vic) - to 6 mV max. 
(CA3290B) 


(d) Wide common-mode input-voltage range (Vcr) - 


can be swung 1.5 V (typ.) below negative 
supply-voltage rail 


low supply-current drain makes these com- (e) No phase reversal of output signal for input TOP VIEW 
parators suitable for battery operation; their st to 5 V bel ti Iy- g2cs- 30042 
extremely low input currents allow their use se bead bide a rom egeuve sURPy E SUFFIX 
in applications that employ sensors with voltage rail 
extremely high source impedances. Package (f) MOS/FET input stage - zener diode protected 
options are shown in the table below. (g) Virtually eliminates errors due to flow of 
TOP VIEW 


input currents 


; : : INV. 
SELECTION CHART = Wide supply-voltage range: INPUT (Al (nc* 


| Characteristic | Package 8 Sutin ge & ree Single supply - 4 to 36 V dc INPUT (Al) % ae 
Max.| Max. | a4. 43.5 nc*@) Oba 
Selection Via \ pf : xa ee _ oe Dual-supply - _o5 °° +18 V de GnD(4) QD v* 
(mV (pa) | OF MEE Ld. nc*@) © Tn) 
(B-types up to 44 or +22 V de) NON - INV (5) Nc 


® Very low supply-current drain -0.8 mA 
at +5 V 
® Differential input-voltage range - up to +36 V 


@ Low output saturation voltage - 120 mV 
at 4mA El SUFFIX 


30 T 
40 36 |T 
* TIE TO GROUND OR V* FOR BEST 
se sail il INPUT/OUTPUT ISOLATION. 


g92CS—30041 


@ Output voltage compatible with TTL, 
DTL, ECL, MOS, and CMOS logic systems TOP VIEW 


= All types are rated for operation over the INV. 
oO INPUT (Al) 

range of —55 to +125°C INV, OUTPUT (Al) 
™ Stable Vic vs. time due to source-follower eS) 

inputs na ~ 
Applications: ) TAB 
® High-source-impedance voltage _ INPUT (a2) (A2) 

comparators | 


INV. 
INPUT (A2) 
92C$~30062 


= Long time delay circuits 


Renee @ Square-wave generators S and T SUFFIX 


Fig. 1 — Basic CA3290 comparator. = A/D converters 
| = Window comparators 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY VOLTAGE: 


Single Supply: 
CA3290B 
CA3290A, CA3290 
Dual Supply: 
CA3290B 
CA3290A, CA3290 e's 
DIFFERENTIAL INPUT VOLTAGE 


COMMON-MODE INPUT VOLTAGE 
- DEVICE DISSIPATION: 
Up to 55°C 
Above 55°C te : 
OUTPUT-TO-V~ SHORT CIRCUIT DURATION* 
TEMPERATURE RANGE, ALL TYPES: 
Operating 
Storage F 
INPUT TERMINAL CURRENT i ce 
LEAD TEMPERATURE (DURING SOLDERING): 
AT DISTANCE 1/16 + 1/32 INCH (1.59 0.79 MM) 
FROM CASE FOR 10 SECONDS MAX. 


*Short circuits from the output to V+ can cause excessive heating and 


eventual destruction of the device. 
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+44V 
+36 V 


+22V 
+18V 


+36 V or + tvt-v- )+5 V) 


(whichever is less) 
V*+5 V to V--5 V 


630 mW 


Derate linearly at 6.67 mW/°C 


CONTINUOUS 
—55 to +125°C 


—65 to +150°C 
1TmA 


265°C 


CIRCUIT DESCRIPTION 


The Basic Comparator 


Fig. 1 shows the basic circuit diagram for 
one of the two comparators in the CA3290. 
It is generically similar to the industry-type 
“139"" comparators, with PMOS transistors. 
replacing p-n-p transistors as input stage 


elements. Transistors Q1 through Q4 com- 


prise the differential input stage, with O5 
and Q6 serving as a mirror-connected active 
load and differential-to-single-ended con- 
verter. The differential input at Q1 and Q4 is 
amplified so as to toggle O6 in accordance 
with the input-signal polarity. For example, 
if +VjN is greater than —Vjn, Q1, Q2, and 
current mirror transistors Q5 and Q6 will be 
turned off; transistors Q3, Q4, and Q7 will 
be turned on, causing Q8 to be turned off. 
The output is pulled positive when a load 


resistor is connected between the output and 
vr. 


CA3290, CA3290A, CA3290B 


Q1 and QO4 are operated with a constant cur- 
rent load, their gate-to-source voltage drops 
will be effectively constant as long as the 
input voltages are within the common-mode 


ELECTRICAL CHARACTERISTICS at T, = —55 to +125°C 


VALUES 


CHARACTERISTIC; CONDITIONS 


Input Offset 
Voltage, V iO 


Temp. Coefficient 
of Input Offset 
Voltage, AV }9/AT 


Input Offset 
Current, 119 


Supply Current, I* 


(ee 
Voltage Gain, Ag, | Ry=15kQ}+15 V 


Saturation 
Voltage 


Output Leakage 
Current, lOL 


Aat Ta, = +125°C 
* 
At Ta = —55°C 


COMPARATOR NO. ! 


UNITS 


BIASING TO 
Icincult FoR ©v+ comparator 
|CURRENT SOURCES INO.2 


I, To I3 Ty 


' ae ait 
D3 

D4 

931 94 


~ LE 


Qs 
2 


DI 
D2 
al Q 
+Vy © 


932CS—30038 


Fig. 2 — Schematic diagram of CA3290 
(only one is shown). 


In essence, Q1 and Q4 function as source- 
followers to drive Q2 and Q3, respectively, 
with zener diodes D1 through D4 providing 
gate-oxide protection against input voltage 


transients (e.g., static electricity). The cur- 
rent flow in Q1 and Q2 is established at 
approximately 50 microamperes by constant- 
current sources 14 and 13, respectively. Since 


range. As a result, the input offset voltage 
(VGs(O1) + VBE(Q2)-VBE(Q3)—V.GS(04)) 
will not be degraded when a large differential 
dc voltage is applied to the device for ex- 
tended periods of time at high temperatures. 


Additional voltage gain following the first 
stage is provided by transistors Q7 and O8.. 
The collector of Q8 is open, offering the user 
a wide variety of options in applications. An 
additional discrete transistor can be added if 
it becomes necessary to boost the output 
sink-current capability. 


The detailed schematic diagram for one com- 
parator and the common current-source 
biasing is shown in Fig. 2. PMOS transistors 
Q9 through Q12 are the current-source 
elements identified in Fig. 1 as lq through Iq, 
respectively. Their gate-source potentials 
(VGs) are supplied by a common bus from 
the biasing circuit shown in the right-hand 
portion of the Fig. 2. The currents supplied 
by Q10 and Q12 are twice those supplied by 
Q9 and Q11. The transistor geometries are 
appropriately scaled to provide the requisite 
currents with common V6gs applied to Q9 
through Q12. 
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Fig. 3 — Supply current as a function 
of supply voltage (both amplifiers). 
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Fig. 4 — Input current as a function 
of input common-mode voltage. 
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CA3290, CA3290A, CA3290B 


AMBIENT TEMPERATURE (Tag) = 25 °C 


vt =+5V, V~=GND 


= 25°C 


ELECTRICAL CHARACTERISTICS AT Ty 
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Fig. 8 — Input current as a function of ambient 


temperature. 
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CA3290, CA3290A, CA3290B 


ELECTRICAL CHARACTERISTICS AT T, = 25°C 
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Fig. 9 — Output saturation voltage as a 


function of output sink current. 
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Fig. 10 — Parasitic-oscillations test circuit 
and associated waveforms. 
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CA3290, CA3290A, CA3290B 


INPUT 
OVERDRIVE 
GND —> 


| a. ee 


100 mV 20 mv 5 mV 
OVERDRIVE OVERDRIVE OVERORIVE 


INPUT 
OVERDRIVE 
GND 


SmV 20 mV 100 mv 
OVERDRIVE OVERDRIVE © OVERDRIVE 
92CM-~30057 
Fig. 11 — Non-inverting comparator response-time 
test circuit and waveforms. 


Input Circuit 


The use of MOS transistors in the input stage 
of the CA3290 series circuits provides the 
user with the following features for com- 
parator applications: 


1. Ultra-high input impedance (= 1.7 TQ); 

2. The availability of common-mode re- 
jection for input signals at. potentials 
below that of the negative power- 
supply rail; . 

3. Retention of the in-phase relationship 
of the input and output signals for 
input signals below the negative rail. 


Although the CA3290 employs rugged bi- 
polar (zener) diodes for protection of the 
input circuit, the input-terminal currents 
should not exceed 1 mA. Appropriate series- 
connected limiting resistors should be used in 
circuits where greater current flows might 
exist, allowing the signal input voltage to be 
greater than the supply voltage without 
damaging the circuit. 


Output Circuit 


The output of the CA3290 is the open collec- 
tor of an n-p-n transistor, a feature providing 
flexibility in a broad range of comparator 
applications. An output ORing function can 
be implemented by parallel-connection of 
the open collectors. An output pull-up re- 
sistor can be connected to a power supply 
having a voltage range within the rating of 
the particular CA3290 in use; the magnitude 
of this voltage may be set at a value which is 
independent of that applied to the Vt 
terminal of the CA3290. 
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5 mv 
OVERDRIVE 


Fig. 14 — inverting comparator response-time 
test circuit and waveforms. 


OPERATING CONSIDERATIONS 


Parasitic Oscillations 


The ideal comparator has, among other 
features, ultra-high input impedance, high 
gain, and wide bandwidth. These desirable 
characteristics may, however, produce para- 
sitic oscillations unless certain precautions 
are observed to minimize the stray capacitive 
coupling between the input and output 
terminals. Parasitic oscillations manifest them- 
selves during the output voltage transition 
intervals as the comparator switches states. 
For high source impedances, stray capacitance 
can induce parasitic oscillations. The addition 
of a small amount (1 to 10 mV) of positive 
feedback (hysteresis) produces a faster tran- 
sition, thereby reducing the likelihood of 
parasitic oscillations. Furthermore, if the 
input signal is a pulse waveform, with rela- 
tively rapid rise and fall times, parasitic 
tendencies are reduced. 


When dual comparators, like the CA3290, 
are packaged in an 8-lead configuration, the 
output terminal of each comparator is adja- 
cent to an input terminal. The lead-to-lead 
Capacitance is approximately 1 pF, which 
may be sufficient to cause undesirable feed- 
back effects in certain applications. Circuit 
factors such as impedance levels, supply 
voltage, toggling rate, etc., may increase the 


possibility of parasitic oscillations. To mini- 
mize this potential oscillatory condition, it 
is recommended that for source impedances 
greater than 1 kQ a capacitor (> 1-2 pF) be 
connected between the appropriate input 
terminal and the output terminal. (See Fig. 
10.) 


The CA3290A and CA3290 are also supplied 
in a 14-lead dual-in-line plastic package. To 
minimize the possibility of parasitic oscilla- 
tions the input and output terminals are 
positioned on opposite sides of the package. 
In addition, there are two leads between the 
output terminal of each comparator and its 
corresponding inverting input terminal, re- 
ducing the input/output coupling §signifi- 
cantly. These leads (8, 9, 13, 14) should be 
tied to either the V+ or V— supply rail. If 
either comparator is unused, its input ter- 
minals should also be tied to either the V+ 
or V— supply rail. 


TYPICAL APPLICATIONS 


Light-Controlled One-Shot Timer 


In Fig. 13 one comparator (A1) of the 
CA3290 is used to sense a change in photo 
diode current. The other comparator (A2) 
is configured as a one-shot timer and is 
triggered by the output of A1. The output 
of the circuit will switch to a low state for 
approximately 60 seconds after the light 
source to the photo diode has been inter- 
rupted. The circuit operates at normal room 
lighting levels. The sensitivity of the circuit 
may be adjusted by changing the values of 
R1 and R2. The ratio of R1 to R2 should be 


constant to insure constant reverse voltage 
bias on the photo diode. 


Low-Frequency Multivibrator 


In this application, one-half of the CA3290 
is used as a conventional multivibrator cir- 
cuit. Because of the extremely high input 
impedance of this device, large values of 
timing resistor (R1) may be used for long 
time delays with relatively small leakage 
timing capacitors. The second half of !the— 
CA3290 is used as an output buffer to insure 
that the multivibrator frequency will not be 
affected by output loading. 


Window Comparator 


Both halves of the CA3290 can be used in a 
high input-impedance window comparator 
as shown in Fig. 15. The LED will be 
turned “‘on’’ whenever the input signal is 
above the lower limit (Vi) but below the 
upper limit (Vly), as determined by the 
R1/R2/R3 resistor divider. 


LED Bar Graph Driver 


The circuit in Fig. 16 demonstrates the use 
of the CA3290 in a bar graph display. The 
non-inverting inputs of both comparators 
are tied to the voltage divider reference and 
the input signal is applied to both of the 


inverting inputs. The LED for a particular 
comparator will be turned ‘‘on” when the 
input voltage reaches the voltage on the 
resistor divider reference. The CA3290 is 
ideal for this application where input-signal 
loading is critical even though many com- 
parator inputs are driven in parallel. 


O+15 V 


3.3K 


X 60 SEC TIME 


92CS~—30039 


Fig. 13 — Light-controlled one-shot timer. 
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Fig. 15 — Window comparator. 
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Dimensions and pad layout for the CA3290H. 
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Fig. 14 — Low-frequency multivibrator. 


| MEG 


INPUT 92CS~—30036 


Fig. 16 —'LED bar-graph driver. 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
-angles are 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 
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CA3401E, CA3401G 


Quad Single-Supply 
Operational Amplifier 


For Automotive Electronics and Industrial 


Control Systems 


“G" Suffix Types — Hermetic Gold-CHIP in 


Dual-in-Line Plastic Package 


“E”’ Suffix Types — Standard Dual-In-Line 


Plastic Package 


The RCA-CA3401 is a high-gain monolithic 
quad operational amplifier designed specifi- 
cally for applications using a single positive 
power supply. No external compensation 
is necessary. Closed-loop stability in each of 
the four independent amplifiers is main- 
tained by a 3-pF on-chip capacitor. The 
CA3401 is ideally suited for applications in 
industrial control systems, automotive elec- 
tronics, and general purpose amplifiers, e.g. 
oscillators, tachometers, active filters, and 
multichannel amplifiers. | 


The CA3401 is supplied in a 14-lead dual-in- 
line plastic package (E suffix), a hermetic 
gold-chip in 14-lead dual-in-line plastic pack- 
age (G suffix), in chip form (H suffix), and 
as a hermetic gold-chip (HG suffix). It 
is a direct replacement for the Motorola 
MC3401P, and is pin-compatible with the 
Motorola MC3301P and the National Semi- 
conductor LM3900N. The CA3401 can be 
operated over the temperature range of 
—55 to +125°C, although the limit values of 
certain specified electrical characteristics ap- 
ply only over the range of 0 to +75°C. 


BIASING NETWORK 
(COMMON TO FOUR | 
AMPLIFIERS 


Features: 


Single-supply operation — +5 V to +18 Vdc 


= Internally compensated 


Wide unity-gain bandwidth — 5 MHz typ. 
Low input bias current — 50 nA typ. 
® High open-loop gain — 2000 V/V typ. 


Applications: 

Automotive 
Constant-Current Saiituas 
Multivibrators 

Sample and Hold 
Square-Wave Generator 
Oscillators 

Tachometers 

Active Filters 
Multi-Channel Amplifiers 
Summing Amplifiers 


MAXIMUM RATINGS, Abso/ute-Maximum 
Values at Ta = 25°C 


DC SUPPLY VOLTAGE... . +418 V 
INPUT SIGNAL CURRENT’... 5 mA 
DEVICE DISSIPATION: 

Up to Ta = 25°C . . 625 mw 

Above Ta =.25°C. Derate linearly 5 mW/°C 
AMBIENT TEMPERATURE RANGE: 

Operating  -& —55 to + 125°C 

Storage... . ~65to + 150°C 
LEAD TEMPERATURE (During soldering): 

At distance 1/16 + 1/32 inch 

(1.59 + 0.79 mm) from case 

for 10secondsmax. . . . , . 300 % 


2,3,4 


| 92CM- 21630 


Fig.4 — Schematic diagram of CA3401. 
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Fig.1 — Block diagram of CA3401. 
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Fig.2— Open-loop voltage gain vs. frequency. 
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Fig.3 — Output resistance vs. frequency. 
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Fig.5 — Open-loop voltage gain vs. supply voltage 


CA3401E, CA3401G 


ELECTRICAL CHARACTERISTICS AT T, = 25°C, vt = 15 V (Unless Indicated Otherwise) 
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CHARACTERISTIC TEST CONDITIONS 
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wW 
=) 


STATIC 


Output Voltage: 
High, VOH 
Low, VOL 
Max. Undistorted Output Swing, 
VoP—P O0°C<T a <75°C 


© 
fo) 
a) 
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Output Current: Fig.10 — Supply current vs. supply voltage. 


Source, ISQURCE 
Sink, ISINK 
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Noninverting inputs open 
Noninverting inputs grounded 
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ae ea 
Power Supply Rejection 


Channel Separation, eg1/eg2 f= 1kHz 
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Fig.11 — Source current vs. supply voltage. 
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CA3600E 
COS/MOS Transistor Array 


For Linear Circuit Applications 


RCA-CA3600E is an array of COmplementary-Symmetry MOS 
Field-Effect Transistors* on a monolithic silicon substrate. It.is 
comprised of three n-channel and three p-channel enhancement- 
type MOS transistors arrayed as shown in Fig. 1, and specified 
and tested for linear circuit operation. These transistors are 
uniquely suitable for service in complementary-symmetry 
circuits at supply voltages in the range of 3 to 15 volts and are 
useful at frequencies up to 5 MHz (untuned). Each transistor 


MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25°C 


DISSIPATION: 
Any one transistor at Ta up to 55°C 
Total package at Tp up to 55°C . 
Above T, = 559°C 


AMBIENT TEMPERATURE RANGE: 
Operating 
Storage . 


LEAD TEMPERATURE (During Soldering) 
At distance not less than 1/16" + 1/32” (1.59 + 0.79 mm) 
from case for 10 s max. 


The Following Ratings Apply for Each Transistor in the Device: 


DRAIN-TO-SOURCE VOLTAGE, Vos’ 
n-channel we : 
p-channe} 


DRAIN-TO-GATE VOLTAGE, YoG' 
n-channel As Hp hy’ & 
p-channel 


SOURCE-TO-SUBSTRATE VOLTAGE, ree 
n-channel bed 
p-channel 


GATE-TO-SOURCE VOLTAGE, Vos: 
p-channel transistors (P71, Pz, P3). 
n-channel transistors (nj, ng, N93). 22 
COS/MOS transistor-pairs (p4-n4, p9- ng, P3- na). 


DRAIN CURRENT, l'| 


GATE CURRENT, |Ic| 


in the CA3600E can conduct currents up to 10 mA. 
This device is supplied in the 14-lead dual-in-line plastic 
package. 


Formerly RCA Dev. No. TA6368. 


* The theory and construction of COS/MOS transistors are described in the 
“RCA COS/MOS Integrated Circuits Manual,” RCA Solid State Division 
Technical Series Publication No. CMS-271. 


150 mW 
750 mW 
derate linearly 6.67 mW/°C 


—55 to +1259C 
—65 to +150°C 


265°C 


+15 V 
—-15V 


+15 V 
—15V 


+15 V 
-15V 


0 V(min.),—Vp(max.) 
0 Vimin.),+Vp (max.) 
0 Vi(min.),+Vpp(max.) 


10 mA 


100 pA 


The Following Rating Applies for Each COS/MOS Transistor-Pair in the Device: 


DC SUPPLY VOLTAGE (Vpp — Vgg) 


+15 V 


Rules for Maintaining Electrical Isolation Between Transistors and Monolithic Substrate 


Terminal No. 14 must be maintained at the most positive potential (or equally positive potential) with respect to any other 


terminal in the CA3600E. 


Terminal No. 7 must be maintained at the most negative potential (or equally negative potential) with respect to any other 


terminal in the CA3600E. 


Violation of these rules will result in improper transistor operation, circuit ““latching;’ and/or possible permanent damage 


to the CA3600E. 


Note: Users should observe the ‘’Considerations in Handling CA3600E Devices” 


1O FAMBIENT TEMPERATURE (Ta)= 25°C 
DRAIN -TO- SOURCE VOLTAGE 
(Vos) =+10V 
CHANNEL, 


ro) 


DRAIN CURRENT |Ip|— mA 
°o 


0.01 


GATE -TO- SOURCE VOLTAGE |Vgo|— ¥ 


9205-21946 


Fig. 2—Orain current vs. gate-to-source voltage. 
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TYPICAL CHARACTERISTICS CURVES 
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Fig. 3— Drain current vs. drain-to-source voltage. 


“MO O18 WN + 


Features: 

® High input resistance . 

® Low gate-terminal current . 

@ Matched p-channel pair: 
Gate-voltage differential (Ip =-100 nA) +20 mV (max.) 

® No “Popcorn” (burst) noise 


100 GQ. (typ.) 
10 pA (typ.) 


_ © Stable transfer characteristics over an 


operating temperature range of —55°C to +125°C 
when operated in complementary circuit configuration 
at supply voltages in the 5 to 15 volt range (see Fig. 14) 
® Integrated integral gate-protection system (see Fig. 34) 
® High voltage gain (see Fig. 11). . up to 53 dB (typ.) 
per COS/MOS stage 
® Individual MOS transistors have square-law characteristics, 
superior cross-modulation performance, and greater 
dynamic range than bipolar transistors 


Applications: 

High input impedance, general-purpose amplifiers 
Pre-amplifiers 

Differential amplifiers 

Op-amps and comparators 

Constant-current sources and current mirrors 
Micropower amplifiers and oscillators 

Control of lamps, LED’s, relays, and thyristors 
Timers 

Choppers 

Mixers 


2 
Le 
a 
Ny 

z 
Le 
ul 

Zz 

ry 


@) 

PI,NI a P2,N2 P3.N3 
(PAIR ail (PAIR No. 2) l (PAIR No.3) 
92CS- 21455 


Fig.1 — Schematic diagram for CA3600E COS/MOS transistor array. 


. Drain terminal, p-channel of pair no, 2 8. Drain terminal, n-channel of pair no. 1 

. Source terminal, p-channel of pairno.2 9. Source terminal, n-channel of pair no, 3 
. Common gate terminal of pair no. 2 10. Common gate terminal of pair no. 3 

. Source terminal, n-channel! of pair no. 2 11. Source terminal, p-channel of pair no. 3 
. Drain terminal, n-channel of pairno.2 12. Common drain terminal of pair no. 3 

. Common gate terminal of pair no. 1 13. Drain terminal, p-channel of pair no. 1 


. Source terminal, p-channel of pair no, 1 
and substrate connection for 
all p-channel transistors - - - Vop terminal 


. Source terminal, n-channel of pair no. 1 
and substrate connection for 
all n-channel transistors - - - Vgg terminal 


Terminal Identification for Fig. 1. 


eent TEMPERATURE (T,)— °C 
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Fig. 4— Drain current vs. ambient temperature. 


CA3600E 


lO AMBIENT TEMPERATURE (Ta) = 25°C 
DRAIN - TO -SOURCE VOLTAGE (Vpg)= +10 V 


ELECTRICAL CHARACTERISTICS, At T, = 25°C 
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fe) 


Output Capacitance 
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CHARACTERISTIC SYMBOL TEST CONDITIONS UNIT i 
. a 
aol 
For Each p-Channet MOS Transistor 
WwW 
p=) 
= oO 
Gate-to-Source Threshold Voltage VGsith) Ip=-10 pA | -1.75 | — | Vv | Zo. 
Gate-to-Source Voltage 3 
Differential (py vs. po) |\Vcs1-Vesa| Ip=~-100 wA,Vpg=-10 V +4 Vv 
Forward Transconductance Ipe-t mA, f=1 kHz ee ee umho 
Low-Frequency Noise Voltage N Ipe-t mA,f=1 kHz,R,=0 2 7 y 
Low-Frequency Noise Current Ipz-1 mA, f=1 kHz,R.=1 MQ : 
GATE -TO- SOURCE VOLTAGE DIFFERENTIA - — mV 
Current-Mirror MOLT . L | Yesi~ Yes2 m 
Transfer Ratio (py/p9) IMTR ly =~100 HA Nogz--10 Vv 9208-21844 
Gate-Terminal Current Vps*-10 V,Vgg=-3.5 V 40.015 Fig. 5— Gate-to-source voltage differential vs. drain current. 
{ 
3 
Input-to-Output Capacitance : 
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Se aes ene! 
For Each n-Channel MOS Transistor 
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For Each COS/MOS Transistor Pair 


Drain-to-Source Cutoff Current lnDioftt) Vpp7+10 V.Vgg=0 V 
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Fig. 6— Forward transconductance vs. drain current. 
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Fig. 7— Noise voltage and noise current vs. operating frequency. 
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Fig. 10~ COS/MOS transistor-pair biased for linear-mode operation. 
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Fig.13 — Representation of voltage-transfer characteristics for 
COS/MOS transistor pair. 


The Basic COS/MOS Linear Amplifier 


P-n-p and n-p-n bipolar transistors have been used for many 
years in the design of so-called “true-complementary”’ linear 
amplifier circuits . Since mutually compatible p-channel and 
n-channel MOS/FET devices were not generally available, 
“true-complementary’ amplifier circuits using MOS transistors 
were seldom used. Now, COS/MOS transistor technology® has 
made it possible to supply compatible p-channel/n-channel 
transistors in monolithic IC form such as the CA3600E 
COS/MOS transistor array shown in Fig. 1. 


A “True-Compltementary” Linear Amplifier Using COS/MOS 
Transistors 


Fig. 10 shows the schematic diagram of a single-stage “‘true- 
complementary” linear amplifier using one pair of the com- 
plementary MOS transistors in the CA3600E, connected in a 
common-source circuit. Resistor Rp is used to bias the 
complementary pair for Class A operation, as described 
subsequently, and R, represents the source resistance of the 
signal source. This generic amplifier is suitable for operation 
with a single or split voltage supply in the range of 3to 15 
volts. Fig. 11 shows voltage gain as a function of operating 

frequency at various supply voltages for the single-stage 
amplifier. This amplifier is capable of producing very high 

output-swing voltages (Va); for example, its output voltages 
can be swung to within several millivolts of either supply -voltage 
“rail’’. Fig. 9 shows typical supply voitage (Vpp) vs. supply 

current (Ipp) characteristics for the single-stage amplifier. The 
curves in Fig. 12 show the normalized amplifier supply current 
as a function of ambient temperature at various supply voltages. 
When the amplifier is operating at Vpp = 3 V, the supply cur- 
rent changes rapidly as a function of temperature because the 
MOS transistors are operating in the proximity of their 
individual gate-source threshold voltages. 

Voitage-Transfer Characteristics 


Fig. 13 illustrates a voltage-transfer characteristic curve of a 
COS/MOS transistor pair connected in the amplifier circuit of 
Fig. 10, with a biasing resistor (Rp) connected between the 
drain and gate terminals (10,12). if the p- and n-channel tran- 
sistors have identical characteristics, their channel resistances 
are equal, and the biasing method shown establishes a steady- 
state condition such that terminal 12 is at mid-potentia 
between Vpp and ground. Thus, with negligibly smali gate- 
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Fig. 11— Typical voltage gain vs. frequency characteristics for 
amplifier circuit of Fig. 10. 
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Fig. 14— Voltage transfer characteristics for COS/MOS transistor-pair 
amplifier in Fig. 10. 


source leakage resistances, under zero-signal conditions, the 
biasing resistor (Rp) establishes gate potential at the mid-point 
between Vopp and ground, i.e., Vin = Vout. Under these 
conditions the amplifier is biased for operation about the 
mid-point (‘0°’) in the linear segment on the steep transition 


of the voltage-transfer characteristic as shown in Fig. 13.. 


When the input signal (Vj,,) swings in the positive direction, 
there is a reduction in the instantaneous output voltage (Voy44) 
with respect to ground. Negative-going input signals have 
inverse effects. Thus, phase-inversion occurs in the COS/MOS- 
pair amplifier. Power-supply current is constant during dynamic 
linear operation, i.e., Class A amplifier service. When the 
signal input-voltage level (Vj,) becomes very large, the output 
signal (Voy) waveforms become distorted because the tran- 
sistors are driven into the non-linear portions of their voltage- 
transfer characteristics. If the positive-going input-signal is 
sufficiently large, for example, the p-channel transistor can be 
driven to cutoff and the amplifier supply current (Ipp) is 
reduced to essentially zero. 


Fig. 14 shows typical voltage-transfer characteristics of each 
COS/MOS pair in the CA3600E at several values of Vpp. The 
shape of these transfer characteristics is comparatively constant 
despite temperature changes from —55 to +125°C. 


The biasing arrangement used in the circuit of Fig. 10 provides 
an easy method of establishing feedback for ac signals in 
accordance with the R)/R, ratio. When the feedback of ac 
signals is not desirable, the circuit of Fig. 15 may be used. 
The ac bypass capacitor (C3) minimizes ac signal feedback. 


Cascading Amplifier Stages of COS/MOS Transistor Pairs 


Ultra-high-gain amplifiers can be designed by cascading stages 
of COS/MOS transistor pairs as shown in Fig. 16. The 
biasing system used is similar to that described above in 
connection with Fig. 10. The supply current for the three- 
stage amplifier shown in Fig. 16 is typically three times the 
values shown in Fig. 9. Gain and frequency-response charac- 
teristics of the amplifier are shown in Fig. 17. 
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Fig. 12— Normalized amplifier supply current vs. ambient temperature 
characteristics for amplifier circuit of Fig. 10. 
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Fig. 15— Alternate method of biasing COS/MOS transistor-pair for 
linear-mode operation. 


Post-Amplifiers For Op-Amps 


COS/MOS transistor-pairs can be advantageously applied as 
post-amplifiers for op-amps. Because the input impedance of 
the COS/MOS pair is comparatively high, the op-amp operates 
under essentially unloaded conditions. Each COS/MOS pair 
can sink and source output current up to about 10 mA. 
Additionally, the op-amp output can be directly coupled to 
bias the COS/MOS pair. A detailed description of the subject 
has been published previously. 


The schematic diagram in Fig. 18 shows a COS/MOS transistor- 
pair serving as a post-amplifier to an RCA-CA3080 Operational 
Transconductance Amplifier. The approximate 30-dB gain in 
a singl@ COS/MOS transistor-pair is an added increment to the 
100-dB gain in the CA3080, yielding a total forward gain of 
about 130 dB. The open-loop slew rate of the circuit in Fig. 19 
is approximately 65 V/us. When compensated for the unity- 
gain voltage-follower mode shown in Fig. 19, the slew rate is 
about 1 V/us. For greater current output, the two remaining 
transistor pairs of the CA3600E may be connected in parallel 
with the single stages shown in Figs. 18 and 19. 


The use of the two-stage COS/MOS post-amplifier shown in 
Fig. 20 increases the total open-loop gain of the system to 
about 160 dB (100,000,000X). Open-loop siew rate remains at 
about 65 V/us. A slew rate of about 1 V/s is maintained with 
this circuit connected in the unity-gain voltage-follower mode, 
as shown in Fig. 21. These circuits operate in concert with 
stability. 
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Fig. 16~— High-gain amplifier uses cascaded COS/MOS transistor-pair 
in CA3600E. 


ae ae ae a te aD a ome on ae, 


SUPPLY VOLTAGE (Vpp) «+5 V 


@ 
uv 
( 
z 
<q 
oO 
w 
© 
< 
- 
a 
° 
> 


10 102 103 104 105 106 107 108 
OPERATING FREQUENCY (f)—Hz 
92CS - 21536 


Fig. 17— Typical voltage gain vs. operating frequency characteristics 
for three-stage COS/MOS transistor-pair amplifier in Fig. 16. 


Multivibrators, Threshold Detectors, and Comparators 


Descriptions of several circuits using COS/MOS transistor- 

Pairs in both monostable and astable multivibrators have been 

published, The characteristics of COS/MOS pairs are also 

ideal for mating with micropower op-amps in circuits such as 
the precision multistable circuits shown in Fig. 22. In these 
circuits precise timing and thresholds are assured by the stable 
characteristics of the input differential amplifier in the CA3080 
Operational Transconductance Amplifier. Moreover, speed 
vs. power consumption tradeoffs can be made by adjustment 
of the Amplifier-Bias-Current (lage) supplied to terminal 5 of 
the CA3080. The quiescent power consumption of the circuits 
shown in Fig. 22 is typically 6 mW, but can be made to operate 
in the micropower region by suitable modifications. 

The schematic diagram of a programmable micropower com- 
parator, shown in Fig. 23 employs the combination of an 
op-amp (CA3080A) and COS/MOS transistor-pairs in the 
CA3600E. Quiescent power consumption of the circuit is 
about 10 wW(typ.). When the comparator is strobed “ON”, 

transistor P1 is driven into conduction and the OTA becomes 
active. Under these conditions, the circuit consumes 420 uW 
and responds to a differential-input signal in about 8 ys. 
By suitably biasing the CA3080A, the circuit response time 
can be decreased to about 150 ns but the power consumption 
is increased to 21 mW. The differential amplifier input 
common-mode range for this circuit is —1 V to +10.5 V. 
Voltage gain of this micropower comparator is typically 130 dB. 
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Fig. 22— Multistable circuits using COS/MOS transistor -pairs. 


APPLICATIONS — Post-Amplifiers for Op-Amps (Cont'd) 
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Fig. 18— COS/MOS transistor-pair used as post-amplifier to op-amp in 
open-loop circuit. 
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Fig. 20— COS/MOS transistor-pairs used as two-stage post-amplifier to 
Op-amp in open-loop circuit. 
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Fig. 23— Programmable micropower comparator. 
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Fig. 19- COS/MOS transistor-pair used as post-amplifier to op-amp 
in unity-gain circuit, 
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Fig. 21— Unity-gain amplifier uses COS/MOS transistor-pairs as 
two-stage post-amplifier to op-amp. 
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Fig. 24— Open-loop gain characteristic for op-amp. 
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Oscillator Circuits 


Oscillator circuits using COS/MOS transistor-pairs have been 
widely used for several years in clock and watch circuits 
because of their low power consumption and good frequency 


stability. Details of their operating theory and characteristics 


have been published. 


The design of COS/MOS oscillator circuits, like the design of 
any oscillator circuit, involves the provision of an amplifying 
section to operate compatibly with an appropriaté feedback 
network, A single stage amplifier using a COS/MOS transistor- 
pair has already been described. A suitable feedback network 
to insure stable oscillator performance is easily added, as 
illustrated in connection with the crystal oscillator circuit 
shown in Fig. 25, The familiar pi-network has been connected 
between the input and output terminals, points ‘’D” and “G", 
to provide the required 180° phase shift for stable oscillator 
performance. The frequency-determining crystal is an integral 
part of the pi-network feedback circuit. The resistors Ry and 
R> decrease the total power consumption of the oscillator at a 
particular supply voltage and enhance the frequency stability. 
Variable frequency oscillators can be built by replacing the 
crystal with an appropriate inductance and tuning the pi- 
network by conventional means. 


9205-21532 


Fig. 25— Typical crystal-oscillator circuit using COS/MOS 
transistor-pair (1/3 CA3600E). 


Current Mirrors Using MOS Transistors 


Monolithic linear IC’s using bipolar transistors frequently 
employ so-called ‘‘current-mirror’” circuits. The theory and 
practical applications of current mirrors using bipolar tran- 


sistors have been described in the literature. As shown in 
Fig. 2°, a rudimentary form of ‘“‘current-mirror’’ consists of a 


transistor Q, with a second transistor Qo connected as a diode. 
When both transistors have identical characteristics, a 
current 14 forced to flow through Qo produces a current (I5) 


of equal magnitude to flow in the collector of Q, (provided 
there is sufficient collector potential for Q,). In a common 
form of application, a source of potential is used to force 
constant-current flow 11, and thus to establish the flow of 
constant current Io through Qy. Arrangements of this generic 
current-mirror type are frequently used when Q, acts as the 
common-emitter impedance in a differential-amplifier circuit. 
MOS transistors are also applicable as current mirrors, as shown 
in Fig. 29. The diode-connected MOS transistor No functions 
as a transistor with 100 per-cent feedback. Therefore, the 
gate-to-source voltage (Vgs) in No retains control of the drain 
current as in normal transistor action, i.e, Ip = 9fsVGS, 
where gg, is the forward transconductance of the device. If a 
current 11 is forced into the diode-connected transistor (No), 
the gate-to-source voltage will rise until equilibrium is reached. 
Thus, a gate-to-source voltage is established in No such that No 
“sinks” the applied current 14. 
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If the gate and source terminals of another transistor (Nj) are 
connected in shunt with the gate and source terminals of No, 
as shown in Fig. 27, Nq is also able to “sink” a mirror current 
approximately equal to that flowing in the drain lead of the 
diode-connected transistor No. it is assumed that both MOS 
transistors have identical characteristics, a prerequisite that is 
essentially established by the monolithic IC fabrication techno- 
logy used in manufacturing the CA3600E COS/MOS transistor 
array. 

Current mirrors can also be designed with p-channel MOS 
transistors as illustrated by the arrangement in Fig. 30 using 
transistors in the CA36G00E. The characteristics of a current 
mirror using the p-channel transistors in the CA3600E are 
superior to those which can be achieved with a current mirror 
using the n-channel transistors because the characteristics of 
the p-channel transistors are more nearly matched. The data 


Complementary Current Mirrors Using COS/MOS Transistor- 
Pairs 

COS/MOS transistor-pairs can be applied advantageously in 
the design of Complementary Current-Mirrors, as shown in 
Fig. 30. Transistors Py and Nj are series-connected and biased 
for linear operation as previously described, so that there is a 
current flow Ip through P; and Nj. The potential developed 


between terminals 13 and 14 is applied as gate-source (2,3) 
voltage for Po, forcing “‘mirror’’ operation of Po to produce a 
current source In7.p equal to Ip7. Likewise, the potential 
developed between terminals 7 and 8 is applied as gate-source 
(3,4) voltage for No forcing “mirror’’ operation of Ng to 
produce a current-sink Ip2.N equal to Ip}. 


A variant of this complementary current mirror is used in the 
analog timer circuit shown in Fig. 28. Transistors Po and No 
are series-connected together with a 60-megohm resistor to 
establish their drain current at 5 nA. The potential developed 
across terminals 1 and 2 also appears as the gate-source voltage 
for transistor P;, thereby establishing a mirror-current source 
of 5 nA at terminal 13 to charge capacitor Cy linearily. In this 
circuit, the ‘‘mirrored’’ current-sink available at terminal 8 
(transistor N41) is unused. This type of current-mirror con- 
figuration is exceptionally stable with temperature variations. 
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Fig. 26— Current mirror using n-p-n bipolar transistors. 
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Fig. 27—Current mirror using n-channel MOS transistors. 
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Fig. 28--Current mirror using p-channel MOS transistors in CA3G00E. 


MIRROR CURRENT (I2)—mA 


DIODE CURRENT (I,)— mA 
92CS- 21545 


Fig. 29— Characteristics of current mirror circuit of Fig. 30 using 
p-channel transistors. 
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Fig. 30— Complementary current mirrors using COS/MOS 
transistor-pairs in CA3600E. 
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Fig. 31— Normalized drain current ratio vs. ambient temperature for 
typical current mirror using p-channel transistors (Fig. 2&4. 


High-Current N-P-N 
Transistor Arrays 


Four Individual Sealed-Junction 
High-Current N-P-N Transistors 


The RCA-CA3724G and -CA3725G are high- 
current n-p-n transistor arrays each containing 
4 individual sealed-junction high-current 
n-p-n transistors. They are intended for high- 
current, high-speed switching and driver 
applications. 


These devices are alike except for break- 
down voltage ratings. 


The CA3724G and CA3725G are supplied in 
a 14-lead dual-in-line plastic package and 
operate over the full military temperature 
range of —55°C to +125°C. The transistor 
chips used in these packages are of the 
sealed-junction type to provide protection 
against the deteriorating effects of humidity 
and other surface contaminants without the 
need for a hermetic package enclosure. 


The semiconductor junctions are sealed by 
utilizing a silicon nitride passivation layer. 
A multi-layered, highly corrosion-resistant, 
terminal-connection system of unique design 
is employed. 


Applications: 


Core-Memory Driver 
High-Speed Switching 
High-Current LED Driver 
High-Voltage Switching 
Relay and Solenoid Driver 
Lamp Driver 


on pe 


Vin ®+9.7V 
tp < Ins 


PULSE WIDTH=! ys 
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Features: 
m High Current —1A 
a High Breakdown Voltage: 
CA3725G = 80 V de min. VigR)CES 


@lc= 10 uA 
CA3724G = 70 V de min. VigR)CcEs 
@lc= 10 pA 


® Fast Switching Speeds: 
ton = 30 ns typ.@ Ic = 500 mA 


tof¢ = 36 ns typ. @ Ice = 500 mA 


“Hermetic Chip’’ Construction 

Silicon Nitride Passivated 

Platinum Silicide Ohmic Contacts 
Gold Chip-Metallization 

Electrically similar and pin compatible 


with industry types MPQ3724, MPQ3725; 
FPQO3724, FPQ3725; DH3724, DH3725; 


S$P3724, SP3725 in similar packages 


CA3724G, CA3725G 
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Fig. 1—Terminal diagram (top view). 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C 


COLLECTOR-TO-EMITTER VOLTAGE VcEO 
With Base Open 

COLLECTOR-TO-BASE VOLTAGE VcBo 
With Emitter Open 

EMITTER-TO-BASE VOLTAGE VeRO 
With Collector Open 

COLLECTOR CURRENT Ic 

POWER DISSIPATION: PD 


At T, up to 25°C: 


For Each Transistor = .wsveeeeaee 


Total Pack age 
At T, above 25°C derate linearly 


AMBIENT TEMPERATURE RANGE: 


Operating £2 eee 
Storage ee ee 


LEAD TEMPERATURE (DURING SOLDERING): 
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Fig. 2—Switching time test circuit. 
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CA3724G, CA3725G 
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ELECTRICAL CHARACTERISTICS AT Ta = 25°C 
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Characteristic Test Conditions 


Collector-to-Emitter Sus- , - 
taining Voltage, VcEg (sus) ore 40 | 
Collector-to-Emitter Break- = 
down Voltage, V (BR)CES ice Ese 
| F=0 


Emitter-to-Base Break 
down Voltage, VigR)EBO ETO HA, IcrO cs 
Base-to-Emitter Saturation I¢=500 mA 0.75 
Voltage, V gg (sat) lp=50 mA i 
Collector-to-Emitter 1c=500 mA, 
Saturation Voltage, VcE(sat)"] I_p=50 mA 
Collector-Cutoff Current, Vcp=40 V, 
ICBO IE=0 


: 35 
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Static Forward-Current 
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DFE 


Small-Signal Forward- 
Current Transfer Ratio, Vce=10 V, 
Nte f=100 MHz 


Turn-On Time (See Test 1c=500 mA, 

Ckt. Fig. 2), ton 1p 4=50 mA 

Turn-Off Time (See Test I¢=500 mA, Ip 4= 
Ckt. Fig. 2), toff Ip9=50 mA 
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Capacitance, Cop Vep=0.5 V 
Collector-to-Base IE 


Capacitance, C,p 


> — oO GG) 
© NI on 


— ide) ce | 
ze) 
mn 


ed 
~ 
. WwW 
oT 
—_ | 
RO < 
ne) 


N IN Ww. 
o |Oo 6 


* Pulse Conditions: width = 300 us; duty cycle = 1%. 


CA6078, CA6741 Types 


Operational Amplifiers 


CAG6GO78AT — Micropower Type 
CAG741T — General-Purpose Type 


For Applications where Low Noise 
(Burst + 1/f) is a Prime Requirement 


NOTE Pm 4 IS CONNECTED TO CASE 


Virtually free from “popcom’” (burst) noise: secs-mes7 . 
device rejected if any noise burst exceeds 20 pV (peak), = Open-toop voltage gain: 40,000 (92 dB) min. 
referred to input over a 30-second time period. Features: @ Input offset voltege:3.5 mV max. 

8 lntermnel phase compensstion Operates with low total supply voltage: 
RCA-CAGO78AT and CAG741T are low-noise linear IC ® Input bies current: 500 nA max. 7 15 V min. (40.75 V) 
operational amplifiers that are virtually free of “popcorn” @ Input offest current: 200 nA max. ® Low quisscent operating current: 
(burst) noise. ® Open-loop voltage gain: 50,000 (94 dB) min. mipetable for application optimization 
These low-noise versions of the CA3D78AT and CA3741T @ Input offset voltage: 5 mV max. = Input bies current: adjustable to below 1 nA 


are a result of improved processing developments and rigid 
burst-noise inspection criteria. A highly selective test circuit 
(See Fig. 2) assures that each type meets the rigid low-noise 
standards shown in the data section. This low-burst-noise 


se gaserigl ulio iecleres iceland tsi foribaice ehiGlighuik ta MAXIMUM RATINGS, Absolute-Meximum Values at Ta = 25°C 
1/f noise spectrum. | CAG741T CAGO78AT 
In addition the CAG078AT and CAG741T offer the same DC Supply Voltage {between V* and V~ terminals) .........-.--.--. -y. 36V 
features incorporated in the CA3078AT and CA3741T Dat terendtied Maite bent WONOOR 26 sch aes ere meena eer erga spandi oY 
respectively, including output short-circuit protection, Common-Mode DC Input Voltage ...----.--------- eee ere eee ee ay. vey 
latch-free operation, wide common-mode and differential- Device Dissipetion: 
mode signal ranges, and low-offset nulling capability. Up to 75°C (CAG741T), Up to 125° (CAGO7BAT) ...........--- 500 mW 250 mW 

2 ne od das Above 150G «3c C oi ois oo ho tes tered eee Sow eee eee Derate linearly 5 mW/°C _ 
For detailed data, characteristics curves, schematic diagram, ‘Vermperetions Rasen: 
dimensionat outline, and test circuits, refer to the Opera- Cpleiniig ofa oes he en etter as _55 to +125 °C _55 to +125 °C 
tional Amplifier Dats Gulletins File No. 531 and 535. in RE aie ea ata ee) ie ee ane ee eI _65 to +150 °¢ ~65 to +150 °C 
auctor, for detads «of “considerations: my Durst-ncise Output Short-Circuit Duration® .... 20-2... - eee ee ee ee eee eee No limitation No limitation 
measurements, refer to Application Note, ICAN-6732, Lead Temperature (During soldering): ........ 00... -0.0ccceeceee- 
“Meaawement of Burst (“Popcorn”) Noise in Linear IC’s"’. At distance 1/16 +1/32 inch (1.59 £0.79 mm) 
The CA6G078AT and CA6741T utilize the hermetically sealed Srcmn Case far WO seconds OWS 5nd es See 300 °c 300 °C 
S-lead TO-5 type package. The CAGO78AT and the CA6741T \ cares aR EERIE | 
can also be supplied on request with dual-in-line formed If Supply Voltage is less then £15 volts, the Abeolute Maximum Input Voltage is equal to the Supply Voltage. 
leads. These types are identified as the CA6078AS and Short circuit may be applied to ground or to either supply. 


CA6741S. This formed-lead configuration conforms to that 
of the 8-lead dual-in-line (Mini—Dip) package. 
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£5 i> z 
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92¢S -20299 
2. Typ. device with high-burst-noise charac- b. Typ. device controfied for burst noise. 
ee 


Fig.1—Typ. waveforms of type with high burst noise and type 
controlied for burst noise. 


50] SUPPLY VOLTAGE: V°=sv,v-*-sv| | 
| AMBIENT TEMPERATURE (Ta}=25°C r | 


3621% kD 


Rg, & gp *100kN FOR CAG7T4IT AND 200k0 FOR CAGOTBAT 
3% CAGT4IT OR CAGOTBAT 92C$~+13423 


EQUIVALENT INPUT NOISE VOLTAGE (Ey)-—nV 


Fig.2—Block diagram of burst-noise “popcorn” test equipment. 


Fig.4—Ey vs. Frequency for CAGO78AT. 
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CA6078, CA6741 Types 


ELECTRICAL CHARACTERISTICS — CA6078AT, For Equipment Design. 


1 5 Gl SUPPLY VOLTAGE: V* =6V, V-=-6V 


AMBIENT TEMPERATURE (Ta)=25°C 


Sa 


CLIN TET TT 
| CC SSC CHIE 
eal 


FREQUENCY ee . 
RL>10kQ 92CS-20262 


Voltage Gain <0" = +4V 


Output Voltage Swing Vo(P-P) 
seit celle | ee a 


TEST CONDITIONS 
CHARACTERISTICS Supply Volts: V+ = 6, V- = —6 
Ta = 26°C, Iq = 2A 


Noise Characteristic 


“Popcorn’”’ Bandwidth = 1 kHz Device is rejected if the total noisevoltage 

: (burst + 1/¢), referred to input, exceeds 
(Burst) Noise Rsi = Rg2 = 200 k2 20 pV peak, during a 30-sec. test period. 
Principal Characteristics (For detailed Electrical Characteristics refer to CA3078AT Data Bulletin, File No. 535.) 


AS 10K0 


Input Offset Current ee 
Input Bias Current ae Se a 
“oem f= |» 


EQUIVALENT INPUT NOISE CURRENT (I,)— pA/JHz 


Differential 


100] suPPLY VOLTAGE: V* «6 V,V~*-6V 


ele oe eee 
AMBIENT TEMPERATURE (7q)=25°C a 


all 
SCHIEICTICr 
Baill Hull 


Bee mae 
7 Pe a ae ae 
re ono CCA 

CHARACTERISTICS SYMBOLS! supply Volts; V+ = 15, V—=—15 rege UNITS 
Tan 200 : | 


2 
Noise Characteristic : 10 *10 
FREQUENCY (f) = 
“Popcorn” Bandwidth = 1 kHz Device isrejected if the total noisevoltage SR BEES A0eES 
: (burst + 1/¢), referred to input, exceeds ; 
(Burst) Noise Rs1 = Rg2 = 100 kQ 20 pV peak, during a 30-sec. test period, Fig.6—Eyy vs. Frequency for CA6741T. 


Principal Characteristics (For detailed Electrical Characteristics refer to CA3741T Data Bulletin, File No. 531.) 


Rs < 10 kQ 


ELECTRICAL CHARACTERISTICS — CA6741T, For Equipment Design. 


EQUIVALENT INPUT NOISE VOLTAGE (Ey)—nv /VHz 


Input Offset Voltage 


QUAN-TECH 
MODEL 2181 
NOISE FILTER 


Open-Loop 
Differential RL 22 kQ 
Voltage Gain Vo=+t10V 


Gierhiow wan Veen | Vem I ee 
Common-Mode Rejection Ratio CMRR Rs < 10k 2 


Output Voltage Swing Vo(P-P) (READING OBTAINED WITH QUAN-TECH METER) 
* 


92CS- 20264 
Supply Current lla | . 


Ey* ENT(INEREAD ON 
UAN- TECH METER 


ENT(IN): TOTAL NOISE VOLTAGE REFERRED TO INPUT 


- Fig.7—Test block diagram for Ey. 


TEST BLOCK 
DIAGRAM FOR 
IN 


QUAN-TECH 
_ MODEL 2i6! 
NOISE FILTER 


72 
: ENT (IN) ~2(4KTRo)-EN pa 
= IN? LEE EnNenn A gnnISITEinnteg neon marae 
v2 RS Siz end ¥ 


ENT(IN): TOTAL NOISE VOLTAGE,REFERRED TO INPUT 
(READING OBTAINED WITH QUAN- TECH METER) 


92CS- 20265 


Fig.8—Test block diagram for In. 
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Linear Integrated Circuits 


for Consumer Applications 
Technical Data 


CA270 Types 


TV Synchronous Demodulators 


For Color and Black-and White TV Systems 


The RCA-CA270AW, CA270BW, and CA- 
270CW are integrated circuits which perform 
the functions of synchronous detection of 
the TV if, video amplification and buffering, 
and noise inversion on dual-polarity wave- 
forms. These devices also offer agc and afc 
facilities for use with n-p-n transistor if ampli- 
fiers and tuners. Both positive and negative 
polarities of video output are available. This 
feature provides great flexibility by permitting 
the designer to use either output for deriving 
the video and sound channels. 


The RCA-CA270 series is pin-compatible and 
electrically similar to the industry series 
TCA270, but incorporates several improved 
features. In particular, improved white noise 


DETECTOR 
TUNING 


O ; 
7---@-------- ()-()------ 


ute | AMPLIFIER SYNCHRONOUS 
(2) LIMITER _ | DEMODULATOR 
| 
| AFC 
DETECTOR 
| 
meas merece @- 9--@) 
= O 
v7 AFC 
QUADRATURE OUTPUT 
TUNING 


NLy) 


(CA270AW A AGC 
CA270BW ND FILTER L L (OPTIONAL) 
0 


inversion and sync inversion systems force 
overshoots in the video waveform to be 
returned to accurately defined potentials. 
This design effectively removes dependence 
on both the degree of overshoot and tempera- 
ture variations. In addition, reduced current 
consumption assures lower over-all power 
dissipation, thereby improving reliability. 


The three types are electrically identical in 
most parameters. The CA270B has the most 
stringent limits on white level, video in- 


. version, and afc dc offset. The CA270C has 


the least stringent limits on white level and 
video inversion, and no afc limits. 


The CA270 series is supplied in a 16-lead 
staggered quad-in-line plastic package (‘‘W”’ 
suffix). 


VIDEO 
OUTPUTS 
4 


VIDEO PROCESSORI(2) +VIDEO 
“AND ED 
NOISE INVERTER [(!0) -vineo 
| bs 
AGC OUTPUTS 
AGC iS 
PROCESSOR Lg) 


TUNER 
IF 
= (6) (7) es | DELAY 


Features: 


O +12 V 


at Goate ruse = 
= INPUT 


92CM-26927 80 pF 


Fig. 1—Functional block diagram of CA270AW, CA270BW, and CA270CW 


TV synchronous demodulator. 


MAXIMUM RATINGS, 

Absolute-Maximum Values at T ,=25°C: 

DC SUPPLY VOLTAGE (Between Terminals 3 
and 16 for 10s max., with current limited 


tO 100A) cit ociat sabe deem eooes 18 V 
DEVICE DISSIPATION: 
Up t0T , 285°C: scscswre ie dawnes 750 mW 


Above Ty = 55°C ... derate linearly 7.9 mwW/°C 
OPERATING TEMPERATURE RANGE 
—40 to +55°C 
STORAGE TEMPERATURE RANGE 
aia Rare at ted iden ely baa ehetas —65 to +150°C 
LEAD TEMPERATURE (During Soldering) 
At distance 1/16” + 1/32” (1.59 £0.79 mm) 
from case for 10 s max. +265°C 


oe ee ee eee nee 
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aa, 


ct) IF CONTROL STAGE 


3 
‘@ TUNER RF STAGE 
hy 
T 3° 


560 2 


Synchronous detector with single tuned coil 
Provides rf and if age (forward) 

Tuner afc available with single quadrature coil 
Dual-polarity noise inverters 

Video amplifier 

Positive- and negative-polarity buffered video 
Differential if input 
Optional use of gating pulse 

Low-voltage, single-polarity power supply 


iF IN I V7 (GND) 

IF IN 2 DEMOD. COIL 

v*(SUPPLY) 3 DEMOD. COIL 

AGC (TUNER) —1 4 AFC COIL 

AGC (IF) 5 AFC COIL 

AGC (FILTER) —4 6 AFC OUTPUT 
-VIDEO OUTPUT 

GATE (NEG.) 7 OR * SYNC 

N.C. 8 +VIDEO OUTPUT 


92CS-26935 


TOP VIEW 


Terminal assignment. 


= 92CS—26928 


Fig. 2—Supply-current test circuit. 


O+l2V 


+12V 
Y 40 
fe) 
es — be Tr 3302 
ee i 
= = 10 ka Boas 
10 nF 

: t| #iay= 
DIFF. INPUT———» | == 47 O OPTIONAL LINE GATING 
O =e a= nF { NC e 

GO) @ © @ © © ® ® O 


AFc 4& 


VIDEO OUTPUTS 


O6 pF | 
OUTPUT +28 V STABILIZED 
56 PF log pF | 47 PF TUNING POTENTIOMETERS 
on | o OFF Sn Ge Sy 
ul L2 , | | 
DEMOD. AFC 47K! | 
TANK QUAD. 4 4 
CIRCUIT CIRCUIT 6g LD MO 5 T =T 
*L1=L2=7 turns 26 swg tna wire kQ ethene l 
=0.3 uh; Qa (untoaded) = 125 VOLTAGE ne oe aa ee 


Coil 0.D. = 0.220" (5.6 mm) = 
Freq. = 38.9 MHz 


4CA270CW is not specified for AFC. 


92CL-26929 


Fig. 3— Typical application circuit for CA270AW and CA270BW. 


v* (CA270AW AND 
I2V tka 50 kn CA270BW ONLY) 
O O 
AFC 
O 
—VIDEO 
OUTPUT 
@ 
+VIDEO 
OUTPUT 
IF 
For VY @ © @O © © © Oar 
InF 47 pF . GATE PULSE 
tar te INPUT (OPTIONAL) 
DELAY 
InF = ADJUST 
10 kQ 
100 pF 180 Q 
| pF 
| pF 
at 1002 AGC TO 
RF AMPL. 
A aa ee : 
O O 
i2V 1.2 kQ AGC TO 
IF AMPL. 92C8 76930 


Fig. 4—Test circuit for CA270AW, CA270BW, and CA270CW. 


ELECTRICAL CHARACTERISTICS at Ta = 25°C, Supply Voltage (V+) = 12 V, 
and Referenced to Test Circuit (Fig. 4). 


CHARACTERISTIC | TEST CONDITIONS | MIN. | 
Supply Voltage, Vt vt=12V | 10.2 | 
ae 


MAX. 
ro 
fal cal 


6.4 
6.3 V 
6.5 


re 
bed 
(See Fig. 2) 
Video Characteristics: 
DC Output Voltage, CA270AW | 5.7 
Term.9 (See Fig. 5) Zero Signal CA270BW 5.8 
CA270CW 5.5 
DC Output Voltage, CA270AW | 5.6 
Term.10 (See Fig. 5) Zero Signal CA270BW 5:7 
CA270CW 5.5 
Output=AGC thres- 3 
Voltage, Term.9 hold (non-gated) 
AC Input Voltage Input for output= 70 
Terms.1,2 AGC threshold 
| 
eae 


V 


< 


w 
oo 
~ 
re) 


rs 
re) 


aad 
Video Bandwidth, At output = —3 dB 
3 7 = 
| ed 
B 


—60 d 
—67 d 


Rejection at Carrier F=Video Carrier;Viny 
Freq., Terms.9,10,11 for Term.9(dc)=3.7V 
Rejection, Twice Carrier | F=2X Video Carrier; 


Vin for Term.9(dc) 
=3.7V 


AGC Characteristics: 
Sat.Voltage, Term.4 Zero Sig.; Ig4=10mA 
Sat. Voltage, Term.5 Zero Sig.; I5 = 10 mA 


Freq., Terms.9,10,11 


Intermod. Products: . 
Beat Freq.,1.6 MHz See Note 1 (95% sat. 
Beat Freq.,2.8 MHz blue colour bar) 
oe 


Le 


- CA270 Types 


VIDEO OUTPUT—V 


HOR. SCAN 


TIME — ps 


92CS- 26931 


Fig. 5~—Typical waveforms for video outputs. 
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= 
2 
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oO 
©o 
a 3 

0) 

“1.5 -0.! fo +0.! +1.5 
FREQUENCY — MHz 
92CS-26932 
Fig. 6—Typical AFC characteristic. 
AGC 
THRESHOLD 

> . 
| 
be 
— 
a. 
| 
3 
Oo 
© 
< 


SIGNAL INPUT—mvV 
92CS-26933 


Fig. 7—Typical AGC characteristics. 


VIDEO OUTPUT—V 


100 
SIGNAL INPUT—mvV 


92CS-26934 


Fig. 8—Typical transfer characteristics. 
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CA270 Types 


ELECTRICAL CHARACTERISTICS at T, = 25°C, Supply Voltage (vt) =12V, (Cont'd) 


and Referenced to Test Circuit (Fig. 4). 


CHARACTERISTIC 


Breakdown Voltage, 
Terms. 4,5 
Control Current, 
Terms. 4,5 


Input Signal Increase 
with resp. to AGC 
Threshold (See Fig.7) 


to max. 


Input Res., Term.7 


AFC Characteristics: 
(See Fig. 6) 
Output Voltage, 
Term. 11 


Output Voltage, 
Term. 11 


f =f, + 0.2 MHz 


f=f)+ 1.2 MHz 


DC Offset Voltage, 
Term. 11 


across Ry = 
50 KQ2 to +6 V 


Noise Inverter 
Characteristics: 
Inversion Threshold, 
Term. 9 


Noise Inversion 
Sensitivity, Term. 9 


Video Inversion 
Characteristics: 
Video Inversion, 
Term. 9 (at 
low carrier levels) 


Carrier increase 
from 0 to5 mV 


| TEST CONDITIONS 


PCE 


Current Ratio I4/Ig 


nee from threshold 


AGC Gating Pulse Input,] Pulse voltage=V ‘to 0; 2 
Term. 7 (optional) eee Note 2. 


Zero Sig.; measured 


Positive noise pulses 


Inversion Threshold, Negative noise pulses 
Term. 9 


Signal inversion threshold 
for complete inversion 


(appx.8% carrier) 


CA270AW 
CA270BW 
CA270CW 

CA270AW 
~CA270BW 
CA270CW 
CA270AW 
CA270BW 
CA270CW 


CA270AW 
CA270BW 
CA270CW 


oo < 
= 


= 
0 


Note 1: CCIR modulation system, peak white = 10% carrier. 
Note 2: Maximum pulse amplitude must never exceed the supply voltage (v*), 


APPLICATIONS 


The diagram shown in Fig. 3 is typical of the 
type of circuit used in a practical application 
of the CA270 series devices. 


Video Detector 


The if input signal may be applied push-pull 
to terminals 1 and 2, or single-ended to either 
terminal 1 as shown, or to terminal 2. These 
input terminals are internally biased. 


The detector tank circuit can be tuned by 
applying a 50 mV cw signal of video if fre- 
quency to the input and adjusting the in- 
ductor L1 for maximum differential output 
between terminals 9 and 10. The input sig- 
nal is then reduced to 25 mV and L1 is re- 
adjusted for maximum output. 
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‘AFC Detector 


The afc quadrature tank circuit should be 
tuned only after the detector adjustment has 
been made. Using the same input signal, in- 
ductor L2 should be adjusted for 6 V dc 
output at terminal 11. The 0.5-pF quadrature 
phase-shift coupling capacitors can affect 
symmetry and actual values will depend on 
the layout used. When L1 and L2 are properly 
tuned, the output swing at terminal 11 will 
be 10 volts minimum for frequencies of 
+0.2 MHz to +1.2 MHz about the if carrier 
frequency. 


AGC Detector 


The age threshold, corresponding to sync tip 
level, is approximately 3 volts at terminal 9. 
Full agc potential will be developed if the 
input signal increases by 0.5 dB maximum 
with respect to the threshold value. The agc 
control at terminal 4 is intended for tuner 
control. The agc control at terminal 5 is for 
forward age control of n-p-n transistors in the 
if amplifier. When sinking 10 mA, the zero- 
signal age voltage at terminal 4 is 0.3 volt 
maximum; at terminal 5, it is 1.2 volts maxi- 
mum. 


The design of the device is such that the sink 
current at terminal 4 is a minimum of 6 times 
that at terminal 5. The rf age sink current be- 
gins to decrease when the if sink current is 
about one-sixth of that required to saturate 
the rf.agc output at terminal 4. The rf agc 
delay may be adjusted by means of a variable 
resistor between terminal 5 and ground. This 
adjustment modifies the if system gain, thus 
affecting the rf delay threshold. At maximum 
gain the current into terminal 5 is large com- 
pared to the current in the variable resistor 
and adjustment is ineffective. As the signal 
increases and rf agc is applied, the terminal 5 
sink current approaches zero and the if agc is 
determined by the value of the variable re- 
sistor. 

A horizontal gating pulse may be applied to 
terminal 7 to gate the agc detector. The 
agc threshold (sync tip) decreases approxi- 
mately 0.3 volt at terminal 9 when gating is 
used. The, gating pulses must be negative- 
going with a recommended minimum ampli- 
tude of 3 volts. They may beac or dc coupled, 
but the maximum peak value must not ex- 
ceed the dc supply voltage at terminal 3. If 
dc coupling is used, the potential during fly- 
back should be less than 0.5 volt and during 
scan, greater than 1.5 volts. 


Noise Inverter | 


Noise pulses in excess of 6.6 volts at terminal 
9, which would result in ‘‘white spots”, are 
processed in the device by inverting and 
clamping them to near black level (approx. 
3.6 V). Noise pulses at levels of less than 2.2 
volts at terminal 9 which would result in 
sync noise interference, are inverted and 
returned to black level. 


Complete inversion occurs for signals 10 mV 
above the inversion threshold. 


CA758E 


RC Phase-Locked-Loop Stereo Decoder Features: 


For FM Multiplex Systems 


RCA-CA758E is a monolithic silicon integrated circuit RC 
phase-lock loop stereo decoder intended for FM solid-state 
stereo multiplex systems. 


The CA758E is pin compatible and electrically equivalent to 
industry types 4A758, MC1311P, LM1800, and ULX2244. 


The CA758E decodes the multiplexed stereo input signal into 
left and right channel audio output signals. The decoder also 
suppresses SCA (storecast) transmissions when present in the 
composite stereo signal. 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C 


DC Supply Voltage. . 2. . 2. 1. ee ee 

DC Supply Voltage (for Sa 15-second period) . . . . «. 
DC Voltage at Term. 7 (Lamp Driver Circuit with Lamp “OFF"’) 
Device Dissipation: 


+18 V 
+22 V 
+22 V 


as T6-KNE 
an vco 38-kHz QUADRATURE 
DIVIDER DIVIDER 
Up to T, = 70°C ee 730 mw DETECTOR en || Les 
A 


= Low distortion (THD): 0.4% (typ.) 
# Excellent SCA rejection: 70 dB typ. 
® RC oscillator 
® High-audio-channel separation: 45 dB 
The decoder uses a minimum of external components, and = Power supply range: 10 to 16 V de . 
requires one adjustment (oscillator frequency) for complete z P ‘ 
alignment. In addition, the CA758E provides automatic mono- @ Requires only one adjustment for complete alignment 
stereo mode switching and energizes a stereo indicator lamp. = Low-impedance outputs 
The CA758E is supplied in a 16-lead dual-in-line plastic = Stereo indicator lamp drive: 150 mA typ. 
package and operates over an ambient temperature range of 
—40 to +85°C. 
vt FILTER FICTER TaMP. RC NETWORK 


36-hHz 
TO 19 kHz 


INPUT 


= 70° : 0 
Above Tp, = 70°C derate linearly S'S ee ee & Sis 9.1 mW/°C sreRED fee 
Ambient Temperature Range: PRESENCE usp Bilbo 
Operating. . 2 2 2 eee ee ee ee 40 to 85°C DETECTOR DRIVER DIVIDER 
- ° 19-kHz 
Storage 2... ee ee ee ee BE to +150°C (Est sicma. 


Lead Temperature (During soldering): 
At a distance not less than 1/32’ (0.79 mm) 


(@) LEFT 


in at RS eg? ep ho whe +265°C 
from case for 10 s max. AMPLIFIER @ INPUT CHANNEL 
cuTene BUFFER OUTPUT 
RIGHT 


MULTIPLEX 
INPUT Oo 


GROUND LEFT RIGHT 
CHANNEL 
DE -EMPHASIS 
Fig. 1 — Functional block diagram of the CA758E. 
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ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 


Static Characteristics 
Total Current 


Maximum Available Lamp Current 


DC Voltage Shift at either Term. 4 
or 5 (Output) 


Dynamic Characteristics 


Channel Separation (Stereo) 


Channel Balance (Monaural!) 


Pilot Input Level: 
19-kHz Input 
19-kHz Input 


Hysteresis 


Capture Range (Deviation from 
76-kHz Center Frequency) 


Total Harmonic Distortion 


Tuning Resistance 


Voltage-Controlled Oscillator. 


Frequency Drift 


DC Voltage at Term. 7 (Lamp Driver) 


Power Supply Ripple Rejection For a 200-Hz, 200-mV RMS Signal 


Voltage Gain 


19-kHz Rejection 
38-kHz Rejection 


SCA (Storecast) Rejection 


Voltage-Controlled Oscillator (VCO) 


V" = 12 V,T, = 25°C 
Multiplex Input Signal (L=R, pilot “OFF’’) 
= 300 mV RMS 
19-kHz Pitot Level = 30 mV RMS 
f (modulation) = 400 Hz or 1 kHz 


: 
beg 


pS 
on 


Lamp “OFF” 


J 
oa 


{ (Lamp) = 50 mA 


w 
° 
< 


Stereo-to-Mono Operation 


a 
re) 


w 
2 


At f = 100 Hz 


w 
o 


f= 10kHz 


= 


At f= 1 kHz Vv 


mV RMS 
mV RMS 


Lamp “ON” 
Lamp “OFF" 
Lamp “OFF’’ 


nN 


0 


{o) 


I+ oO 
N . 
~J 
8 > |~l~ 
> loelo 


a 


Multiplex Input Signal = 600 mV RMS 
Pilot “OQFF’’) 


Measured Composite Signal: 80% Stereo, 
10% Pilot, 10% SCA 


Total Resistance (Term. 15 to 8) 
required to set 
fpep = 19 kHz +10 Hz (Term. 11) 


0° ST, S25°C 
26° ST, &70°C 


x 
te) 


21.0 23.3 


+0.1 


| 


fi : 
+) I+ 
oi 
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CA758E 


TYPICAL PERFORMANCE CHARACTERISTICS 


(Referenced to Fig. 7 ) 


a BS 
a 
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Channel separation vs. audéo frequency. 
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Fig. 
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OSCILLATOR FREE RUIUING FREQUENCY ERROR —% 
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frequency error. 


running 


Fig. 4 — Channel seperation vs. oscillator free 
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NOTES: 
Tolerance on resistors is £5% 
and tolerance on capacitors is 
£20% unless otherwise specified. 
C, = +100%, —20% 

Cg = 5 1% in test corou it and 


£5% in typical application. 


Ry and Ro = £ 1% in test cir- 
cuit and £ 5% in typical 
Cm - 253509 application. 


Fig.7— - Test circuit for measurement of dynamic characteristics. 


PILOT LEVEL=mV AMS 


pes a 
BE ESB Bt 
if ey eagas dl tl Hit 


AMBIENT TEMPERATURE (Ta}—°C 
S2CS-23514 


Fig. 8 — Lamp turn-on and turn-off sensitivity vs. ambient temperature. 


OSCILLATOR FREQUENCY ERROR % 


-40 -2 © 20 r) @ 
AMBIENT TEMPERATURE (Ta)—"C 


s2cs-23%5 
Fig. 9 — Oscillator free running frequency error vs. ambient temperature. 
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CA810, CA810A Types 


7-Watt Audio Power Amplifier 
With Thermal Shut-Down  _ 


The RCA-CA8100,CA810AQ, CA8100M and 
CA810AQM are monolithic audio amplifiers 
intended for class B operation. They are 
specifically designed for mobile equipment 
operating from 12-V battery supplies. They 
operate over a wide range of supply voltages 
(4 to 20 V) with very low harmonic and 
crossover distortion. The maximum repeti- 
tive peak output current is 2.5 A, and an 
integral thermal limiting circuit shuts the 
device down in case of output overload or 
excessive package temperature. 


The CA810Q, CA810AQ, CA8100M, and 
CA810AQM are supplied in modified 16-lead 
quad-in-line plastic packages (“Q’’ suffix) 
with integral wing-tab heat sinks. The tabs 


on the CA8100 and CA810AQO are bent 
down for p.c. board insertion, and on the 


CA8100M and CA810AQM they are flat and 
pierced for easy attachment to an external 
heat sink. 


The CA8100 and CA8100M are electrically 
equivalent to types TBA810S and TBA810AS, 
respectively. It should be noted that pin- 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. . 


Preliminary Data 


Features: 


= Power output — 7 W with 42 load 

= Supply voltage range — 4 to 20 V 

= Peak output current — 2.5 A (max.) 

® Very low harmonic and cross-over distortion 

™ Load dump voltage surge protection (CA810AQ 
and CA810AQM) 
load dump (overvoltage) voltage surge 
protection circuit. This feature makes the 
CA810AQ and CA810AQ0M ideally suitable 


for automotive applications. 
MAXIMUM RATINGS, Absolute-Maximum Values: 


numbering conventions for these devices 
may differ from manufacturer to manu- 
facturer, however the devices are pin com- 
patible and interchangeability is not affected. 


The CA810AQ and CA810AQOM are electri- 
cally the same as the CA8100 and CA8100M, 
respectively, except for the inclusion of a 


PEAK SUPPLY VOLTAGE (50 ms) (CA810AQ,CA810AQM) . . . . . 2... 40 V 
OPERATING SUPPLY VOLTAGE... . . 2 20 V 
OUTPUT PEAK CURRENT: 
PEPETIIVES gem Seo. ae Ye oO oe Ok ea ® eth oe oe & 2 wee BBA 
NON-REPETITIVE.... 4 6 a 2 kot Ge ci a om 4 ee & e Pe ese we YS 3.5 A 
POWER DISSIPATION, Pb 
At Ta = 70 C . oe 1W 
At Trap = 100 C De er ae te yok ee. os oe Re 5 Ww 
THERMAL RESISTANCE, JUNCTION CA8100 CA8100M 
: CA810AQ CA810AQM 
Junction to tab: ~ «. 4.-- 0 Ss Boe Goo ee mk gk 12 10 °C/W 
Junctiontoambient. . . . . . . . OO, 70* 80 “c/w 
AMBIENT-TEMPERATURE RANGE: 
- OPERATING —40°C to (Refer to Fig.7 for typical high-temperature limit) 
STORAGE fy aa Se at os . ~40 to +150°C 


LEAD TEMPERATURE (DURING SOLDERING): 

° 
260 C 
* Value obtained with tabs soldered to printed-circuit board. 


ELECTRICAL CHARACTERISTICS, at T, = 25°C 


CHARACTERISTIC 


Supply Voltage 


Closed-Loop 
Voltage Gain 


Efficiency 


A 
n 
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SYMBOL 


Input Voltage 


Supply Voltage (V+) = 14.4 V 
Unless Otherwise Specified 


TEST CONDITIONS LIMITS | 
CA8100,CA810AQ 
CA8100M,CA810AQM | UNITS 
[typ. | Max. | 


Ry =4Q,f=1kHz,R1=56Q | 34 


Po = 5W, R, =4; f= 1 kHz Le 


BOOTSTRAP 


NOTE: 

Pin numbering conventions 
for these devices may differ 
from manufacturer to manu 
facturer, however the devices 
are pin compatible and inter- 
changeability is not affected. 


Rl2 


FEEDBACK (8) 


RIPPLE 
REJECTION 


INPUT (10) 


COMPENSATION (7) 


92CM- 24/132R1 


(1) SUBSTRATE 


('4) 


GND™ 


* RE TO BE GROUNDED. 
Fig. 1 — Schematic diagram of CA810Q, CA810QM. muy Aces 


Q5 


BYPASS 


FEEDBACK 


INPUT py 


(19) 


SIG. GND 


92CL- 29631 


Fig. 3 — Schematic diagram of CA810AQ, CA810AQM. 


Fig. 


CA810, CA810A Types 


Thermal Shut-Down 


The thermal-limiting network incorporated in 
the CA810 Series circuits provides protection 
against damage due to excessive semiconductor 
temperatures that may result from high ambient 
temperatures and/or excessive dissipation, e.g., 
as encountered in sustained overloads. As in- 
dicated in Fig.2 the thermal-limiting feature 
automatically reduces the supply current (and 
output power) at the higher temperatures. 


i 
Se) 
= 
a 
uJ 
= 
Oo 
a 
— 
> 
a 
a 
2 
°o 


SUPPLY (DRAIN) CURRENT (Ipt)—A 


CASE TEMPERATURE (Tc)—~°C 92CS-25043RI 


2- Typical output power and drain current as 
a function of case temperature for all types. 


Load-Dump Voltage-Surge Protection 


The maximum operating supply voltage of 
the CA810A0O and CA810AQM is 20 V, and 
internal protection is provided for peaks of 
up to 40 V, as shown in Fig. 4. Supply- 
voltage peaks of more than 40 V will require 
an LC network between the supply and 
terminal 5. An LC network, such as the 
one shown in Fig. 8, provides protection 
against supply-voltage surges of up to 120 V 
for 2 ms. This type of protection is ON when 
the supply voltage (pulsed or dc) exceeds 
20 V. 


vt(Vv) 
40 — 
ty = 50 ms 
to = 1000 ms 
14.4 
t 
ty 
te 
L=3mh 
FROM 
SUPPLY TO TERM.! 
LINE +] ¢ 
-| 3000pF 
16V 92¢S~29632 


Fig. 4 — Load-dump (overvoltage) voltage surge pro- 
tection network and timing diagram for 
CA810AQ and CA810AQM. 
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CA810, CA810A Types 


92CS- 25042 


vt 
O R3 
1002 
+L cé *+c8 
O. pF T alee uF 100 pF 
ISV SV 
—" — (1) 
VE 
O (10) 
Re TABS | CA8IO 
100 k2 CABIOA (6) ae 
1000 pF 
(11) @) C3 =] t5v 
(9) 1500 pF 
— — — (14) 
(8) {| RL 
cle = cS Cc? c4 Fig. 6 — Bottom view of printed-circuit boards 
500 pF 100 pF 5600 pF 0.1 pF ao ee 
6V ISV shown in Figs.7 and 8. 
RI R4 
562 12 
pg 92CS-2504 IRI 


Fig. 5 — Test and circuit application for the CA810Q, 
CA810AQ and CA810M, CA810AQM. 


92CS-24919 


92CS-24920 


Circuit heat is dissipated by a combination of free air resistance of < 5°C/W. Vertical bracket should make 
and printed-circuit board foil. good thermal contact to chassis. 


Fig. 7 — Component view of printed-circuit board Fig. 8 ~— Component view of printed-circuit board 
for CA810Q and CA810AQ. for CA810QM and CA&810AQM. 


BOOTSTRAP (6) 
COMPENSATION (7 ) 


FEEDBACK (8) (9) RIPPLE 


REJECTION 


92CS-2413 IRI 


Fig. 9 — Terminal diagram of CA810C, CA810AQ 
and CA810QM, CA810AQM. The wing 
tabs on the CA810Q and CA810AQ are 
bent down, and on the CA810QM and 
CA810AQM they are flat and pierced. 
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Circuit arrangement for use with chassis having a thermal 


Preliminary Data 


TV Horizontal Oscillator 


For Color and Monochrome Receivers 


The RCA-CA920AE* is a silicon monolithic 
integrated circuit intended for use in the 
horizontal stages of color and monochrome 
television receivers. This device performs 
the functions of a sync separator, noise gate, 
and horizontal oscillator with dual-time-con- 
stant switching in the fly-wheel loop. It 
also generates automatic phase control be- 
tween horizontal flyback pulses and the 
horizontal oscillator frequency and provides 


fast edge switching drive for transistor or 
thyristor horizontal output stages. 


The CA920AE is compatible with the indus- 
try type TBA920 in both lead arrangement 
and electrical operation, although the CA- 
920AE features reduced operating current. 


The CA920AE is supplied in the 16-lead 
dual-in-line plastic package. 


* Formerly Dev. Type No. TA6773. 


MAXIMUM RATINGS, Absolute Maximum Values: 


OC SUPPLY VOLTAGE 
DEVICE DISSIPATION: 

Up to Ty = 55° & 

Above Ta= = 55° Cc j 
AMBIENT TEMPERATURE RANGE: 


Operating 
Storage 
LEAD TEMPERATURE (During scidernals 


13.2V 


. 750 mw 
. Derate inary at 7 9mw/c 


—40 to +85°C 
_ —65 to +150°C 


CA920AE 


Features: 


Sync separator 

Noise gate input 

Internal precision timing ramp 

Dual-time-constant phase-locked loop 

Output suitable for transistor or 
thyristor deflection systems 

Reduced power dissipation 


At a distance not less than 1/32'’ (0.79 mm) from case for 
10 seconds max. 


COMPOSITE 
SYNC DRIVE 
OUTPUT HOR. PULSE OUTPUT = I2V 
O INPUT S O 


© x 
FLY BACK 1 


PHASE 
OETECTOR 


PULSE WIDTH 
(HOR PHASE) 
CONTROL 


OUTPUT 
STAGE 
OSCILLATOR 
PHASE OSCILLATOR 


DETECTOR 


POSITIVE 220 nF + vw 
NOISE Au 
INPUT é » 
K 10 nF 7K 
we : 33 nF lO nF 12% : 

CLOSE FOR na 

VIDEO CASSETTE 

RECORDER ALL RESISTANCES ARE IN OHMS 


Fig. 1 — Functional block diagram of the CA920AE with typical peripheral circuitry. 


+265°C 


TERMINAL ASSIGNMENT 


POSITIVE 


SUPPLY VOLTAGE (V*+)(1) (i6) GROUND (V~)} 


HORIZONTAL OUTPUT DRIVE (2) ('5) OSCILLATOR FREQUENCY 


HORIZONTAL FLYBACK PHAS (3) 
CONTROL INPUT 


PHASE DETECTOR OUTPUT (4) 


(14) RAMP- PRODUCING 
CAPACITOR 


((3) OSCILLATOR DECOUPLING 


PHASE DETECTOR 
HORIZONTAL FLYBACK PULSE (5) (12) PHASE 


(i!) DUAL MODE FLYWHEEL FILTER 
TIME CONSTANT CONTROL 


COMPOSIT 
COINCIDENCE DETECTOR 
SINC PULSE OUTPUT (7) (10) FOINCIDENCE 


(9) NOISE GATE INPUT 


SHAPED- SYNC PULSE INPUT(6 ) 


VIDEO SIGNAL INPUT (8) 


TOP VIEW 


92Cs-27479 


92CM- 27460 
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CA920AE 
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[Supply Current, Term. 1, I* 


ELECTRICAL CHARACTERISTICS at T, = 25°C, and Supply Voltage (v*) = 12, 


Unless otherwise specified. See Fig. 1. 
LIMITS 


TEST 
CHARACTERISTIC CONDITIONS 


3 
> 


Video Characteristics (Term.8): 

Input Voltage Vg 

Input Current Ig 

Noise Gate Characteristics _ 
(Term.9): 

Input Current I9 

Reverse Input Current Ig 


Peak to peak 


3 3 
> > 


Horizontal Flyback Positive 
Pulse Characteristics (Term.5): 


3 


- 7 a by 
ase : 


Input Voltage V5 

Input Current I5 mA 

Input Impedance 25 kQ 
Positive Sync Characteristics 

(Term.7): 

Output Voltage V7 Peak to peak V 

Output Impedance 27 Leading edge Q 

Output Impedance 27 Trailing edge Q 


Horizontal Output Charac- 
teristics (Term.2): 
Output Current IgMAX 
Output Current I9AV 
Output Pulse Width tw 
Output Impedance Z2 

Output Impedance 22 

Horizontal Oscillator Char- 

acteristics (Term.15): 

Free-Running Frequency fj, 

Free-Running Frequency fy 


Peak 
Average 


Leading edge 
Trailing edge 


Pe) 

Ww 

NQ 

e333 
NESS 


14.84 
14.06 


15.625 
(Note 1) 
4.0 
+1.0 


No sync input 
vt=45V 
Vt varied 


Oscillator Cut-out Voltage 
Oscillator Pull-in Range 


Phase Control (Note 2) 


Oo 
N 
NO —_ 


Note 1: Free-running frequency at 12 V adjusted to 15.625 kHz. 
Note 2: External delay between the leading edge of output pulse at Term. 3 and the start of 
the horizontal flyback pulse. 
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CA1190GQ 


TV Sound IF and Audio Output Subsystems 


“GQ” Suffix Type — Hermetic Gold-CHIP in 


Quad-In-Line Plastic Package 


The RCA-CA1190GQ combines the sound 
1F and audio output subsystems on a single 
monolithic integrated circuit to provide a 
television sound system. Each device in- 
. cludes a multistage IF amplifier-limiter, an 
FM detector, and an audio power amplifier 
that is designed to drive, primarily, an 8-, 
16-, or 32-ohm speaker. 


The CA1190GO is electrically and mechani- 
cally equivalent to industry type TDA1190Z. 


The CA1190GO differs from the TDA1190Z 
primarily in its provisions for external feed- 
back components and a higher value volume 
control. 


The CA1190GQ is supplied in the hermetic 
Gold-CHIP (G suffix) 16-lead quad-in-line 
plastic package with an integral bent-down 
wing-tab heat sink (O suffix), intended for 
printed circuit board mounting. 


The transistor chips used in the hermetic 
Gold-CHIP plastic package are of the sealed- 
junction type designed to provide protection 
against the deteriorating effects of humidity 
and other surface contaminants without the 
need for a hermetic package enclosure. The 
semiconductor junctions are sealed by utili- 
zing a silicon nitride passivation layer. A 
multi-layered, highly corrosion-resistant, ter- 
minal-connection system of unique design 
is employed. 


Features: 

= Nominal power output: 4 W at vt=24 V, R,_=1622, dist. 
= 10%; 2 W at Vt=12 V, Ry = 82, dist.=10% 

™ Wide power-supply range: 9 to 28 V 

= Low quiescent current: 25 mA typ. 

@ 5-kHz deviation sensitivity: 1 W output typ. 

= 3-dB limiting sensitivity: 50 uV typ. 


™ Excellent AM rejection: 50 dB typ. 

= Differential peak detector — requires one 
tuned coil 

m Electronic volume control with improved 
taper and single wire control 


ELECTRICAL CHARACTERISTICS at Ta = 25°C, V+ = 24 V, DC Volume Control Rx = 0 2, 
Ri = 16 {2 unless otherwise indicated. Refer to Fig. 1. 


CHARACTERISTIC TEST CONDITIONS 


Static Characteristics 


eunentintoTerm 1@ «dt fg SSSC*d OH | mA 


Dynamic Characteristics 
IF Amplifier: 


Input Limiting Voltage, 
(At —3 dB point), V4 (lim) 


fo = 4.5 MHz, f,, = 400 Hz 
Af = + 25 kHz 


fo = 4.5 MHz, fm = 400 Hz, 
Modulation Index = 0.3, 
VIN=1imvV 


fo = 4.5 MHz, fry = 400 Hz 
Af = + 25 kHz, Vj = 1 mV 

Rx = O, Deviation necessary 
to obtain 4 Vrms across 

16 Q2 (1 W) 
fo = 4.5 MHz, fr = 400 Hz 
Af = + 25 kHz, Vj = 1 mV 

Rx = 15kQ 
fo = 4.5 MHz, fr = 400 Hz 
Af = + 25 kHz, Vin = 1 mV 


Vout at Af = 0 with Rx 
adjusted for Vout = 4 Vrms 
at Af = t+ 25 kHz 


AM Rejection, AMR 


Deviation Sensitivity 


Minimum Audio Output 


Distortion at P59 = 1.5 W 


Signal to Noise Ratio 


MAXIMUM RATINGS, Absolute-Maximum Valu v*s24 VOM 
My + 
DC SUPPLY VOLTAGE (Between Term. 14 + 50 pF = 22 uF 910 
100 pF 0.047 pF p a 
_V+* and ground tabs) . ‘ + 28 Vv ee © Lt ii + © ey 
OUTPUT PEAK CURRENT: 
Repetitive . ite 1.5 A Si 
Non-repetitive. 2... 2... ww eee 2 A 
INPUT SIGNAL VOLTAGE (Between Terms. 1 and 2) +3 Vv POWER @ ia 
DEVICE DISSIPATION: ass 220 pF 16.0 
With Infinite Heat Sink — INPUT o sont 
Up to Ta = aoe : derate linearly 5 w 1 = ~~ 
Above TA =90°C . : . 83.3 mWw/°C 0.047 nF 0.001 pF 
With No Heat Sink — (free air) — (1) Ct se = 
Up to Ta = 25°C . a ne BY 1.) Ww ACTIVE FM wercue © 
Above Ta = 25°C . derate linearly 14 mw/c 6) FILTER DETECTOR CONTROL 0.0022 pF 
THERMAL RESISTANCE: ee Ra tags 
Junction to groundtabs . . . . 12 OCW . ‘if 
AMBIENT TEMPERATURE RANGE: * 
6 ae @) (6) (7) (8) 
perating . - —40 to +85 % 120 pF 
Storage. . . - -65 to +150 472 


LEAD TEMPERATURE (During Soldering): 
At a distance 1/16 in. + 1/32 in. (1.59 0.79 mm) 
from case for 10 seconds max. . 


0.01 als Rx ¥ voeuNe CaNraOt 


L=l0 #H >=9 pF 
Q=50 aL 


+265 °c 


92CM-29273 


Fig.1 — Block diagram of the CA1190GQ in a typical application. 
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CA1190GQ 


I6K 


REGULATED POWER SUPPLY 


RS2 
16K 


IF AMPLIFIER, LIMITER 
S2CL-29274 


Fig.2 — Schematic diagram. 


> 


CA1190GQ 


DC VOLUME CONTROL 


AUDIO AMPLIFIER 


G® 


| ACTIVE FILTER FM DETECTOR TUNING | AUDIO AMPLIFIER 


92CL -29274 


Fig.2 — Schematic diagram {cont’d). 


VOLUME CONTROL FOR 
ELECTRONIC ATTENUATOR | |—(9) AUDIO AMPLIFIER GAIN 


92CS- 29272 


Fig.3 — Terminal diagram. 


CA1310E 
RC Phase-Locked-Loop CAS sishctite 


d LOOP FILTER 


Stereo Decoder x “ wan AMPLIFIER secanentue 
: © @) ® ® @ @ @ Gnu 
For FM Multiplex Systems 


REGULATOR PHASE-LOCK , 
BIAS LOOP DET. 


> 


Features: 
® Low distortion (THD): 0.3% typ. 
® Excellent SCA (storecast) rejection: 75 dB typ. 
® RC oscillator 
® High audio channel separation: 40 dB 
@ Operates from a wide range of power supplies: 8 to 14 V dc 
®@ Requires only one adjustment for complete alignment 
@ Drives a stereo indicator lamp up to 75 mA — 
surge current limiting 


RCA-CA1310E is a monolithic silicon integrated circuit RC 
phase-lock-loop stereo decoder intended for FM solid-state 
stereo multiplex systems. 


The CA1310E is a direct replacement for industry types 
MC1310P, M1310, and SN76115N. 


This decoder uses a minimum of external components. In 
addition the stereo decoder requires only one adjustment 
(oscillator frequency) for complete alignment. 


The CAI310E is supplied in a 14-lead dual-in-line plastic 
package and operates over an ambient temperature range of 
~40 to +85°C. 


MAXIMUM RATINGS, Absolute-Maximum Values 


at Ta = 25°C 

DC Supply Voltage ..................0.. 14V 
Current (Lamp) at Term. 6 ............... 75 mA 
Device Dissipation: 

Up to Ta = 28°C 2 eee eee et eens 625 mW 

Above Ta = 25°C derate linearly ........ .  Smw/C 
Ambient Temperature Range: 

Operating ............ cece eee eens —40 to +85°C 

StOrs0es tre cuienk here eee eRe wee ea —65 to +150°C 


Lead Temperature (During soldering): 
At distance not less than 1/32” (0.79 mm) 
from case for 10s max. .............4. +265°C 


19 kHz 


PHASE-LOCK 
DETECTOR 


LOW-PASS oc 
FILTER AMPLIFIER 


INPUT SIGNAL 


PILOT- LOW-PASS SCHMITT 
PRESENCE FILTER & 
DETECTOR oo en. TRIGGER 


LEFT 
CHANNEL 
OUTPUT 


76-kHez 
OSCILLATOR 


t DECODER AND MATRIX SET ECTOR 


FS A NS 


cool 


RESISTANCE VALUES ARE IN OHMS 


DIVIDE 
f BY 2 
(38 kHz) 


38~-kHz 
STEREO 
SWITCH 
(PILOT 

TONE OET.) 


Fig. 1 — Functional block diagram system using the CA1310E. 
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Fig. 2 — Schematic diagram of the CAI310E. 


DIVIDE 
f BY 2 
(19 kHz) 


DIVIDE 
* BY 2 
(19 kHz) 


DECODER aj L&R CHANNEL 
MATRIX | OUTPUTS 


g2cs~ 23500 


(9) + switcn_» @) ; 
FILTER 


ran 


zee,e 


CA1310E 


I9-kHz 
OUTPUT 


38-710 I9-kHz DIVIDER 38-TO i9-kHz DIVIDER 
FOR PILOT-TONE ORIVE FOR PHASE -LOCKED LOOP 


N 
0 | 
P 


I amnaliiiemnenenmanentienmenemed 


STEREO SWITCH CONTROL LINE 


LAMP 


ORIVER 
Fig. 2 — Schematic diagram of the CA1310E (Cont‘d). 
vt LEFT RIGHT NOTES 
0 CHANNEL CHANNEL 
OUTPUT ouTPUT A buffered 3-volt positive-going square wave is available at Term. 10. 


The alignment of the free-running oscillator frequency may be checked 
at this point with a frequency counter. 


C1: A lower value input coupling capacitor may be used in place of 


ieee the 2-4F value if reduced separation at low frequencies is acceptable. 


C4: The time constant for the stereo switch level detector circuit is 
calculated by C4 x 53,000 ohms +30% with a maximum dc 
voltage drop across C4 of 0.25 volt (Term. 8 positive) and a 
pilot level voltage of 100 mV RMS. Signal voltage across C4 


is negligible. 
Loop DET. SWITCH 
FILTER INPUT FILTER C5: The recommended 0.05-uF capacitor provides a 1.75° phase 


('4) (13) (2) (11) (10) (9) (8) lead at 19 kHz. 


RG cs Soe R1, R2: Load resistance values are related to supply voltage as follows: 
i6k aa 0.05 Minimum Supply Voltage 8 10 12 V 


és ioc Maximum Load Resistance 2.7. 4.3 6.2 kQ 
~kHz 
St ees cé OuTPUT R3, C6, C8: C8 may be omitted, R3 = 100 ohms and C6 = 0.25 uF, 
5 


= = ; if relaxed circuit performance is acceptable. 


ae R4, R5,C7: tf a capture range greater than +3% typ. is required, 
reduce value of C7 and increase values of R4, R5 pro- 

RESISTANCE VALUES ARE IN OHMS. ; : : ae 
CAPACITANCE VALUES ARE IN MICROFARADS. portionally. However, beat-note distortion is increased 
92C¢S-23501 at high signal levels because of oscillator-phase jitter. 
R4, C7 = £1% in test circuit and +5% in typical application. 


CAI3IOE 


BOTTOM VIEW 


Fig. 3 — Test circuit for measurement of dynamic characteristics. 
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CA1310E 


ELECTRICAL CHARACTERISTICS 


TEST CONDITIONS (Referenced to Fig. 3) 


vt=12V Ty = 25°C 

Composite Multiplex Input Signal = 
560 mV RMS (2.8 V p-p) 

Only © or R Channel modulated; and 

with 100-mV RMS (10%) Pilot Level 


CHARACTERISTIC 


LIMITS UNITS 
nl ny fi 
Static Characteristics 


DC Supply Voltage For 8-V operation, reduce load to 2.7 kQ | 8 | 


Channel Separation (Stereo) 


Audio Output Voltage (For any 


Ultrasonic Frequency Rejection: 
19 kHz 


SCA (Storecast) Rejection f = 67 kHz, 9-kHz beat note measured 75 
with 1-kHz modulation “OFF” 


Stereo Switch Level: 
19-kHz Input Level (For lamp on) 
19-kHz Input Level (Fortampoff) | 
Maximum Composite (Stereo) Input 0.5% THD 
Maximum Monaural Input 1% THD 


FO 


TV Video IF Amplifier 


With AGC and Keyer Circuit 


The RCA-CA1352E is a monolithic integrated circuit designed for 
use as an if amplifier in monochrome or color TV receivers. It 
features a high-gain gated AGC system with a 68-dB range 
{typ.). A delayed forward AGC output is adjustable by means 
of a potentiometer. Either positive- or negative-going sync may 
be used for this system. 

The CA1352E is supplied in the 14-lead dual-in-line plastic 
package, and is directly interchangeable with the industry type 
1352 in similar packages. 


AGC 


Features 


® High 45-MHz gain — 53 dB (typ.) 
&@ High-gain gated AGC system — with either positive- or 
negative-going sync. 
® Adjustable rf AGC delay to tuner 
@ AGC gain reduction — 68 dB (typ.) 


MAXIMUM RATINGS, Abso/ute-Maximum Values 
At Ty = 25 


SUPPLY VOLTAGE: 


Between terminals 4 and 11 

Between terminals 7 or 8 and 4 
INPUT VOLTAGE (terminal 1 or 2) 
AGC INPUT VOLTAGE (terminal 6 or 10) 


DEVICE DISSIPATION: 


Up to Tp, = 55 C 
Above Ty, = 55 C derate linearly at 


AMBIENT TEMPERATURE RANGE: 


750 mW 


CA1352E 


TYPICAL STATIC CHARACTERISTICS 
at Ta = 25°C, Vt =12V 


Total Current (ly + Ig + 144) BP seitta ai “as. Bog MOU Rinet wate niay iodo reltige o> oe bireulen aoe. 27mA 
Output Stage Current (17 + Ig) ae atacon he hg, Watt's Sates Stee atte g tea eo 5.7mA 
TYPICAL DYNAMIC CHARACTERISTICS 
at Ta = 25 C, Vt =12V 

AGC RANGe ecco ls hd OR SS OER Ses EES 68 dB 
POWOE Gal) ii eyelid RSA a ee ee ea 53 dB 
Minimum rf AGC Range (term. 12) 2.6... eee ee eee 0.2V 
Maximum rf AGC Range (term. 12) ...........00 0002 eee 7V 


Operating 


Storage: shoei ee Fie es As ew a 


LEAD TEMPERATURE (During Soldering): 
At distance 1/16 + 1/32 in. (1.59 +0.79 mm) 


from case for 10 seconds max. ............ 


AGC STORAGE 
CAPACITOR 


oe. —40 to +85°C 
_... -65 to +150°C 


IF 
OUTPUT 


INPUTS* (9 


KEYERS pix 
INPUT 


-8V 
PULSE 


SYNC 
POLARITY 


NEGATIVE 


POSITIVE 


FLYBACK 
WINDING 


(12) 


Vv 
2® OO@ 
= 


© tee 

RF AGC TF 
RF AGC 
OUTPUT nati INPUT 


* 


VOLTAGE AT 
TERMINAL 6 


NOM=4.5 


* 


VOLTAGE AT 
TERMINAL 10 


* 


VALUE OF 


RI-2 


92CS—24136RI 


Fig. 1 — CA1352E biock diagram and typical AGC test set-up. 
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CA1391E, CA1394E 


TV Horizontal Processors 


CA1391E — Positive Horizontal Sawtooth Input 
CA1394E — Negative Horizontal Sawtooth Input ® Internal shunt regulator 


The RCA-CA1391E and CA1394E are mono- 
lithic integrated circuits designed for use in 
the low-level horizontal section of mono- 
chrome or color television receivers. Func- 
tions include a phase detector, an oscillator, 
a regulator, and a pre-driver. 

The CA1391E and CA1394E are electrically 
equivalent and pin compatible with industry 
types 1391 and 1394 in similar packages. 


These types are supplied in an 8-lead dual-in- 


line plastic (Mini-DIP) package, and operate 


over an ambient temperature range of 0 to 
+859C, 


MAXIMUM RATINGS, Abso/ute-Maximum 
Values at TA = 259C 


DC SUPPLY CURRENT . . . . . 40mA 
DC OUTPUT VOLTAGE .... . 40 V 
IC OUTPUT CURRENT . . . . . 30mA 
SYNC INPUT VOLTAGE. ... . 5 Vp-p 
SAWTOOTH INPUT VOLTAGE . . . 5 Voy 
DEVICE DISSIPATION: 

UptoTa=25°C . . . . . 625 mW 

Above T, = 25°C derate linearly 5 mwW/°C 
AMBIENT TEMPERATURE RANGE: 

Operating . . Oto +85°C 

Storage. . . . —65 to +150°C 


LEAD TEMPERATURE (During Soldering): 

At distance 1/16 + 1/32 in. 

(1.59 + 0.79 mm) from case 

for 10 seconds max. . . . . . . +260°C 
THERMAL RESISTANCE. 200°C/W 


CIRCUIT OPERATION 
(See schematic diagram, Fig.2) 


The CA1391 and CA1394 contain the oscil- 
lator, phase detector, and predriver sections 
necessary for the television horizontal oscil- 
lator and AFC loop. 


The oscillator is an RC type with terminal 7 
used to control the timing. If it is assumed 
that. Q7 is initially off, then an external 
capacitor connected from terminal 7 to 
ground charges through an external resistance 
connected between terminals 6 and 7. As 
soon as the voltage at terminal 7 exceeds the 
potential set at the base of OQ8 by resistors 
R11 and R12, Q7 turns on, and Q6 supplies 
base current to Q5 and Q10. Transistor Q5 
discharges the capacitor through R4 until 
the base bias of Q7 falls below that of O8, 
at which time, Q7 turns off, and the cycle 
repeats. 

The sawtooth generated at the base of 04 
appears across R3 and turn off Q3 whenever 
the sawtooth voltage rises to a value that 
exceeds the bias set at terminal 8. By ad- 
justing the potential at terminal 8, the duty 
cycle at the pre-drive output (terminal 1) 
may be changed. 
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Features: 


= Low thermal frequency drift 
= Linear balanced phase detector = Small static phase error 
® Preset hold control capability = Variable output duty cycle 
® +300-Hz pull-in (typ.) @ Adjustable dc loop gain 
PHASE 
DETECTOR OSCILLATOR 
OUTPUT vt 


OSCILLATOR 


MARK—SPACE 
REGULATOR RATIO 
HORIZONTA | 
PRE- 
SAWTOOTH OUTPUT 
INPUT O DRIVER C1!) 


SYNC 
INPUT GROUND 


92CS~-25647 


Fig.1 — Functional block diagram of the CA1391E, CA1394E. 


ELECTRICAL CHARACTERISTICS at T, = 25°C (See Fig.3) 


CHARACTERISTIC TEST CONDITIONS 
S$1,S5,S6=2 
Supply Voltage $2,S83, 54, $7, S8 = 1 
Measure term. 6 to Gnd 
S1,$5,S6=2 


Free-Running S2,53,S4,S7,S8 = 1 
Frequency Counter to term. 1 


$2, S3, $6, S8 = 1 
Output Leakage S$1,S84,$5,S7=2 : 
Measure term. 1 to 25 V 
; S2,S3,S5, S6, $8 = 1 
Output Saturation $1,$4,S7=2 
Measure term. 1 to Gnd 
S2,S5, S6, S8 = 1 
Phase Detector Bias S$1,83,S4,S7=2 1 
Measure term. 3 to Gnd 
S5,S8=1- 
Phase Detector Leak S1,$2,53, S4, S6,S7 = 2 —2 
Measure term. 5 to +4 V 
$1, $5, $8 = 1 
Phase Detector Low S2,S3,S4,S6,S7=2 —0.55* 
Measure term. 5to+4 V 
$1, 55, S6, S8 = 1 
Phase Detector High S2,83,S4,S7=2 +0.55* 
Measure term. 5to+4 V 


LIMITS UNITS 


Hz 


S 
< 


E 
N ia 
3 3 Cc 


Phase Detector Balance | VpET2+ VDET3 


| S1,S2,$3,S4,$6,S7=1 


Static Phase Error 
Oscillator Pull-in Range 


Oscillator Hold-in Range 


* Polarity reversed in the CA1391. 


© 


Ww 
= 
NO 


N wn 


0 
See Fig.4 3 Hz 
9 


+] i+ 
wis 
© 


The phase detector is isolated from the 
remainder of the circuit by R31, 22, Q15 
and Q16. The phase detector consists of 
the comparator Q22 and Q23, and the gated 
current source Q18. Negative-going sync 
pulses at terminal 3 turn off Q17, and the 
current division between Q22 and Q23 is 
then determined by the phase relationship 
of the sync and the sawtooth waveform at 
terminal 4, which is derived from the hori- 
zontal flyback pulse. If there is no phase 
difference between the sync and sawtooth, 
equal currents flow in the collectors of Q22 
and Q23 during each half of the sync pulse 


6202 


2.65 ko | 2 ' 2 


+6V 


Fig.4 — DC test circuit. 


REGULATOR 


92CM~- 26340 


Fig.2 — Schematic diagram of CA1391E, CA1394E. 


period. The current in Q22 is turned around 
by current mirror Q20 and Q21 so that there 
is no net output current at terminal 5 for 
balanced conditons. When a phase offset 
occurs, current flows either in or out of 
terminal 5. In circuit applications, this ter- 
minal is connected to terminal 7 through an 
external low-pass filter, thereby controlling 
the oscillator. 

Shunt regulation for the circuit is obtained 
by using a VgE and zener multiplier. Re- 
sistors R13 and R14 multiply the Vee of 
Q11, and the ratio of R15 and R16 mul- 
tiplies the voltage of the zener diode Z1. 


100 Q 


470 
150 & BF. 


o Sé FORMER 


OUTPUT 


92CM-28749 


R3! 


+ 470 LA 
Q)\ 2702 BF OlpE | Ol pF 


CA1391E, CA1394E 


NOTE: ALL RESISTANCES ARE 
IN OHMS 


50 6 
POSITIVE PULSE WIOTH A TERM. | —ys 


92CS-28751 


Fig.3 — Duty cycle at the pre-drive output (term. 1) 
as it is affected by the input at term. 8. 


vt 
O24V 
620 2 
3 kQ 
6800 
pF 470 0.47 pF 

LF 
4 B.2k2 


2.4k2 


222 


0.0027 T ko ko 2 


= SYNC 


12 kQ 


92CM— 28750RI 


Fig.5 — Typical circuit application. 
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CA1398E 
Television Chroma Processor 


RCA-CA139BE is a monolithic silicon integrated-circuit chroma 
processor containing chromea-emplifier and gain-contro!, color- 
killer, color subcarrier oscillator, hue controi, and ACC circuitry. 
ft has been designed for interchangeability with other “1398""- 
type chroma-processor devices. it functions compatibly with 
the RCA-CA3125E Chroma Demodulator as well as other com- 
mercially available chroma demodulators in color-TV receivers. 
Fig. 2 shows a functional block diagram of a 2-package TV 


chroma system incorporating the CA1398E and CA3125E. The ~ 


CAII9BE is supplied in a 14-lead dual-in-ine plastic package. 


Features 


® Minimem number of external components required 
@ Injectiontock oscillator with internal feedback 

® DC chroma gain control and hue control circuits 
@ Lowimpedance intemal voltage reguiztion 


Maximum Ratings, Absolute-Maximum Values at T, = 25°C 


Peak Horizontal-Pulse input Current ................---- 250 pA 
Supply Current (Terminal 14) 2. eee eee 35 mA 
Ambient Temperature Range: 
Operating ...2.5. 605 sist en aw Sans ose teks —40 to +85, C 
SISOS 2 oe Se SS EAE wR SRR OW Se SSS —65 to +150 C 


Lead Temperature (During Soldering): 
At distance 1/16” + 1/32” (1.59 $0.79 mm) 
from case for TOs max. ....... Pearse Siesty eGo wey oes 265 C 
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BIOM- 22467 
(> 


BRIGHTNESS 
CONTROL 


BLANKING 


IP wT W+ PTT 


‘OSC | 
DuTPUT | 


BITL —-ZZSOB 


Fig. 2 — TV chroma system functional block diagram. 


ELECTRICAL CHARACTERISTICS at Tg = 26°C and Referenced to Test Circuit (Fig. 4) 


Note 1 — Measure V, 4 at i 
Note 2 — Increase the killer potentiometer resistence from minimum untd the circuit unkilis. This condition ts evidenced by a shift in bias 


y = 3B mA and 18 mA. Calculate the regulator irapedance: 


Me at Term.. 2 


i 


BURST GATING & 
FILL-IN 


Fig. 3 — Schematic diagram of the CA1398E. 


osc MHz +10 Hz. Under the same Test Conditions described in the 
TEST SENUE ievcimatnin sac enon Electrical Characteristics Chart for Oscillator Lock-Up, vary L1 
Remove the horizontal keying and chroma inputs and adjust (approx. 20 tH) and/or C1 (approx. 1000 pF) to obtain the 
Cx to obtain a free-running oscillator frequency of 3.579545 initial conditions for amplitude and phase oscillator lock-up. 


vts20v 
©) 


RESISTANCE VALUES ARE IN OHMS 
ipa UNLESS INDICATED OTHERWISE 
min MAX. CAPACITANCE VALUES ARE IN 


ie 3s cyt Sa MIC ROFARADS 
e — ACC MILLER 
Cx 359F CONTROL 


Fig. 4 — Typical static and dynamic characteristics test circuit for the CA1398E. 


CA1398E | 


-CA2002, CA2002M 


Preliminary Data 


8-Watt Audio Power Amplifier 


For Automobile Radios 


Features: 


= Hermetic Gold-CHIP encapsulated in a 5-lead plastic 


TO-220-style package (Versa-V) 


= Output short-circuit and thermal overload protection 


= Drives load impedance as low as 1.6 (2 


The RCA-CA2002 is a monolithic silicon 
class B audio power amplifier designed for 
driving loads as low as 1.6 92. It provides a 
high output current capability (up to 3.5A), 
very low harmonic and cross-over distartion, 
and load-dump voltage-surge protection. 


The CA2002 is supplied in a hermetic tri- 
metal Gold-CHIP encapsulated in the 5-lead 
plastic TO-220-style Versa-V package. All 
leads (except term. 3) are electrically in- 
sulated from the mounting flange, elimi- 
nating the need for insulating hardware. 


The VERSA-V package is available with two 
lead configurations. The CA2002 has a vertical- 
mount lead form, and the CA2002M has a 


horizontal-mount lead form. 


NON-INV. = 
INPUT 
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=e IS SIGNAL GROUND 
ALL RESISTANCES ARE IN OHMS 


= Fig. 1 — Schematic diagram. 


= Load dump voltage surge protection 


™ Few external components 


no electrical insulation 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


PEAK SUPPLY VOLTAGE (50 ms) 
DC SUPPLY VOLTAGE 
OPERATING SUPPLY VOLTAGE 
OUTPUT PEAK CURRENT: 
REPETITIVE 
NON-REPETITIVE . othe a ees 
POWER DISSIPATION, Pp atTa=90C . 3. 
THERMAL RESISTANCE, JUNCTION TO CASE . 
AMBIENT-TEMPERATURE RANGE: 
OPERATING. 
STORAGE ae oe ae 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 0.79 mm) 
from case for 12 s max. 


92CL-29173 


® Output current capability of up to 3.5A 


@ Versa-V power transistor package-requires 


aaa 2 
TT) CU OUTPUT 

GROUND 
[> _ INVERTING INPUT 
———_——)_—sNON INVERTING INPUT 


TOP VIEW 
- TERMINAL ASSIGNMENT 


geo 29ee? 


40 V 
28 V 
18 V 


3.5 A 
45 A 
15 W 

4°c/w 


. See Figure 16 
. —40 to +150°C 


260°C 


502 150 kQ 


92CS-29I74 


Fig. 2 — Test circuit. 
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SUPPLY VOLTAGE (v*) 
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< 


92CS-29175 


Fig. 3 — Typical quiescent output voltage as a 
function of supply voltage. 


ELECTRICAL CHARACTERISTICS at T, = 25°C, Vt = 14.4 V 
Unless otherwise specified (See Figure 2) 


CHARACTERISTIC TEST CONDITIONS 


Output Power,Po 


Input Saturation Voltage, Vj(R ys) 


Input Sensitivity, ey 


Frequency Response (—3 dB) 


Input Resistance, Rj (Term. 1) 


a 
= 
_| 
” 


THD = 10%, A = 40 aB, 
f= 1 KHz 


A= 40 dB, f=1 KHz 


P9 = 0.5 W, Ry, =4Q 


vt=144vV 


=| 2 sd | ~ < 
os ey) N Oi rs) 


R, =42, Cy = 39nF, 
Ry = 39 Q (See Figs.15,20) 


f=1KHz 
R, =42, f= 1KHz 


ofoa}-]{ = 
Ola}-[a 


40 to 15000 


Ry =4Q, f=1KHz 


Freq. Resp. = 40 to 
15,000 Hz (—3 dB) 


Freq. Resp. = 40 to 


Input Noise Current, ipy 


Efficiency, 7 


Rp =4 Q,A = 404B, 
Rg=10KQ, f 
V 


Power Supply Rejection Ratio, PSRR 


Hit AMBIENT TEMPERATURE (Ta)=25°C, 


iNPUT VOLTAGE (V7)—mVpRMs 


Hit 
ere ubauaeeeceeeee i RG gt 
300 400 500 600 700 


CLOSED-LOOP VOLTAGE GAIN (A) 


92CS-29179 


Fig. 7 — Typical input voltage as a function of 
closed-loop voltage gain. 


15,000 Hz (—3 dB) 


. Pop =5.2W,R, =42 
Po = 8W, Rp = 2 


as 


ripple ~ 100 Hz, 
ripple =0.5V 


rs 
ad 
o1 


Ww 

fon) 
za 

o1 


INPUT VOLTAGE (Vz~)—V 


0 100 200 300 400 | 00 600 
CLOSED-LOOP VOLTAGE GAIN (A) 


92CS-29180 


Fig. 8 — Typical input voltage as a function of 
closed-loop voltage gain. 


DRAIN CURRENT (Ip)—-mA 


CA2002, CA2002M 


SUPPLY VOLTAGE (V*)—V 
92CS -29176 


Fig. 4 — Typical quiescent drain current as a 


function of supply voltage. 


AMBIENT TEMPERATURE (Ta)* 25°C, 
As404B, fei kHz, THO "10 % 


10 15 
SUPPLY VOLTAGE (V*+)—V 
92CS- 29177 


Fig. 5 — Typical output power as a function of 
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POWER SUPPLY REJECTION RATIO (PSRR)— dB 


F 


supply voltage. 


an a 
ge8ene.--< = S5n 
Sceeauencesensccassess- 
10 15 


LOAD RESISTANCE (Ri )— 2 
92CS-29178 


6 — Typical output power as a function of 


/ 


load resistance. 


0 100 200 400 500 
CLOSED-LOOP VOLTAGE GAIN (A)—~ dB 


600 


92CS—29181 


ig. 9 — Typical power supply. rejection ratio as a 


function of closed-loop valtage gain. 
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CA2002, CA2002M — 


fe) 


AMBIENT TEMPERATURE (Ta)= 25°C 


Vtni4.ayv 


a 
vo 
4 Vrippte * O5V 
% Rg=!0ka . . 
& A=40 48 
Q As z I # 
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x > ra ~~ G 
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eesersseun 
0 2 3 ¢ 5S 6 3 
6 2 46 2 4 68 2 468 
to *  * og “108 104 10° OUTPUT POWER (Po)—W OUTPUT POWER (Po) —~W 
FREQUENCY (f)—Hz 92CS-29183 92CS$-29184 
92C$-29182 . . . . . ra 
é : eae eee Bae Fig. 12 — Typical power dissipation and efficiency as 
Fig. 10 — Typical power supply rejection ratio as a Fig. 11 — Typical power dissipation and efficiency 2 : Ass anak olput power 
function of frequency. as a function of output power. 


AMBIENT TEMPERATURE (Ta)s25°c JT eet 


POWER DISSIPATION (Pp)—W 


Fig. 13 — Maximum power dissipation as a function 
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POWER DISSIPATION (Pp)—W 


AMBIENT TEMPERATURE (Ta) 25 °C 
I2ORAH (SEE F 3 20) ARGS sHeonNasesaaaCaT: 


FREQUENCY RESPONSE = 10 kHz 


CAPACITANCE OF Cx — nF 


i] 
0. 25 50 75 100 125 150 (75 200 0100 200 300 400 500 600 
SUPPLY VOLTAGE (V*+)—V ie AMBIENT TEMPERATURE (Ta)— °C CLOSED-LOOP VOLTAGE GAIN (A) Seterer ay 
- 29165 92CS~29186 8 : H 
Fig. 14 — Maximum allowable power dissipation as Fig. 15 — Typical values of capacitor C x (see test 


of supply voltage (sine-wave operation). 


OPEN-LOOP VOLTAGE GAIN (Ag, )— 6B 


FREQUENCY (f)— Hz 


92CS-29188 


Fig. 16 — Open-loop voltage gain as a function of 
frequency. 


a function of ambient temperature. 


circuit, figure 20) for different values 
of frequency response.. 
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Fig. 17 — Output power and drain current as a 
function of case temperature. 


Preliminary Data 


12-Watt Audio Power Amplifier 


The RCA-CA2004 is a monolithic silicon 
class B audio power amplifier designed for 
driving loads as low as 3.2 $2. It provides a 
high output current capability (up to 3.5 A), 
and very low harmonic and cross-over dis- 
tortion. 


The CA2004 is supplied in a hermetic tri- 
metal Gold-CHIP encapsulated in the 5-lead 


plastic TO-220-style VERSA-V package. All 
leads (except term. 3) are electrically in- 
sulated from the mounting flange, elimi- 
nating the need for insulating hardware. The 
VERSA-V package is available with two 
lead configurations. The CA2004 has a 
vertical-mount lead form, and the CA2004M 
has a horizontal-mount lead form. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE . .... + 
OPERATING SUPPLY VOLTAGE 
OUTPUT PEAK CURRENT: 

REPETITIVE 

NON-REPETITIVE . a ee 
POWER DISSIPATION, Pp at Ta = 90C . 
THERMAL RESISTANCE, JUNCTION TO CASE 
AMBIENT-TERMPERATURE RANGE: 

OPERATING 

STORAGE 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 12 s max. 


500 150 k2 


28 V 
26 V 


35 A 
45 A 
15 W 
4°C/w 


- Oto +125°C 
-40 to +150 C 


260°C 


Thermal Shut-Down 


Thermal shut-down occurs if the output 
overloads (temporary or permanent), the 
ams ambient temperature is excessive, or the 
junction temperature is excessive. None of 
these conditions results in device damage. 
They merely cause a temporary automatic 
reduction of output power and drain cur- 


rent. 


92CS-30859 


Fig. 1 — Test circuit. 


v°z24V 
O 


RO 
Ma 


RIO 
100 kQ 


2.20 92CMm- 3087) 


Fig. 3? — 25 Wcireuit-bridge application. 


CA2004, CA2004M 


Features: 


® Hermetic Gold-CHIP encapsulated in a 5-lead 
plastic TO-220-style package (VERSA-V) 

® Thermal overload protection 

® Drives load impedance as low as 3.2 {2 

® Deflection amplifier capability 

® Output current capability of up to 3.5 A 

®@ Few external components 

® VERSA-V power transistor package-requires no 
electrical insulation 


INVERTING INPUT 
i ) NON- INVERTING 
INPUT 


TOP VIEW 
92CS - 29223Ri 


TERMINAL ASSIGNMENT 


INPUT 


92CS - 30867 


Fig. 2 ~- Typical application. 
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CA2004, CA2004M 
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ELECTRICAL CHARACTERISTICS at T, = 25°C, vt=24V 
Unless otherwise specified (See Figure 1) 


4 : 


Quiescent Drain Curreni, Ip Measure at Term. 5 


THD = 10%, A= 40 dB, 
f=1KHz 


Input Saturation Voltage, 
— ViCRMS) 


Input Resistance, Ry (Term.1) | f = 1 KHz 


Open-Loop Voltage Gain,. | 
AOL Ry =82,f=1 KHz 
Closed-Loop Voltage Gain, 
A Ry =8Q,f=1 KHz 39.5 
Input Noise Voltage, ery Freq. Resp. = 40 to 
15,000 Hz (—3 dB) 


R, =42, A=40dB 
Power Supply Rejection Ratio, | _+ 
ace Rg = 10 KQ, f ripple 


PSRR 
Vripple = 9-5 V 


CA3035, CA3035V1 
Ultra-High-Gain Wide-Band Amplifier Array 


@ Three Individual General-Purpose Amplifiers 
e Ideal for service in Remote-Contro! Amplifiers — — e.g., TV Receivers 


e Available in two electrically identical versions: CA3035 with straight - 
leads; CA3035V1 with formed leads 


HIGHLIGHTS 
@ Three separote amplifiers — @ All amplifiers single-ended — 
gain and bandwidth for each amplifier can be adjusted only one power supply required 
with suitable external circuitry © Wide operating temperature range — 
@ Amplifiers operable independently or in cascade -55°C to +125°C 
e@ Exceptionally high cascade voltage gain — © Built-in temperature compensation 
129 dB typ. at 40 kHz e@ Hermetically sealed, all-welded 10-lead TO-5-style 
@ Low noise performance e Wide-band response metal package with straight or formed leads 
ABSOLUTE-MAXIMUM RATINGS: * TERMINALS 2 & 8 ARE 
: INTERNALLY CONNECTED 
Operating Temperature Range ..........-.--00005- 55°C to +125°C TO SUBSTRATE AMPL.No3 | 
Storage Temperature Range .... 2.0.0... 0. eee eee -65°C to +150°C Pig VU 92s 196z6r 
Device Dissipation bs Tare aes wc Seta arts Tap wena Helen lose tariay tnleriey, Uuier Velie Mane aiid ait8 See 300 mW TYPICAL REMOTE CONTROL SYSTEM 
INPUL Voltage. peer oe sch wkn denies Geeen de baa es ees 1V p-p +13 
Supply Voltage. cds. jos cueyyitve eee epee eta esa ewes +15V 


Lead Temperature (During Soldering): 


At distance 1/16 + 1/32 inch (1.59 + 0.79mm) 


re) 0.03 0.0022 
from case for 10 seconds max.  ...... 0... ce ee ee ees +265°C AF 


pF 


ELECTRICAL CHARACTERISTICS AT Ty = 25°C 


CIRCUITS 
SPECIAL TEST AND 
CHARACTERISTICS SYMBOLS CONDITIONS CHARAC— 


TERISTICS 
- CURVES 


REMOTE 
CONTROL 
TRANSMITTER 


STATIC CHARACTERISTICS 


V3 a ones 


Quiescent Operating CONTROL CONTROL 
V5 i | RELAY j j 
Voltage : SOLENOID es 
Ma : ADDITIONAL 
1 40 | | CHANNELS 
Tota! Current Drain i ; ' ial 
RL3 = 5K a 


DYNAMIC CHARACTERISTICS | 


Voltage Gain: . [eo co 
Amplifier No. | A\ Fs 
Amal ifier No. 2 LW) CONTROL FUNCTIONS 92C8-14627 
Amplifier No.3 AZ Fig.2 


: : 
URDU AO hag omg STATIC CHARACTERISTICS TEST CIRCUIT 


Rt | 10KQ 
RL2 1OKQ 
RL3 5K) 


Sinusoidal 
Output, 
Vec = t9V 
Input Resistance: 
Amplifier No. | 
Amplifier No.2 
Amplifier No.3 


Output Resistance 


92CS- 14625 


Fig.3 
Bandwidth at 
-3dB point: NOISE FIGURE TEST CIRCUIT 
Amplifier No. | 
Amplifier No.2 
Amptifier No.3 


Noise Figure 
Amplifier No. | 


QUAN TECH 
LABORATORIES 
MODEL No. 31! 

NOISE ANALYZER 


+ 
I3V (SEE NOTE) 


Sensitivity Relay (Ky) 
Current = 7.5 mA 


92C$-14631 


NOTE: SET ALL INTERNAL POWER SUPPLIES ON QUAN TECH 
NOISE ANALYZER TO ZERO VOLTS. 


Fig.4 
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CA3041 


Wideband Amplifier, FM Detector, AF Preamplifier/Driver 


high-sensitivity — input limiting voltage (knee) = 


150 :V typ. at 4.5 MHz 
For Sound Sections of TV Receivers Using 
Tube-Type AF Output Amplifiers 


RCA Integrated Circuit Type CA3041 provides, in a single monolithic silicon chip, a 
major subsystem for the sound sections of TV receivers. As shown in the Schematic Diagram 
(Fig. 1) and the TV Receiver Block Diagrams (Fig. 12). the CA3041 contains a multistage wide- 
band if-amplifier/limiter section, an FM-detector stage, a Zener-diode-regulated power-supply 
section, and an af-amplifier section specifically designed to drive directly a 6AQ5 beam 
power tube or other audio output tube of similar characteristics. 


In FM receivers, the CA3041 can be used to provide if amplification and limiting, FM 
detection, and af preamplification. 


The CA3041 provides exceptional versatility of circuit design because the if-amplifier/ 
limiter section, FM detector section, and af-preamplifier/driver section can be used in- 
dependently of each other. 


The CA3041 utilizes a 14-lead dual-in-line plastic package with leads specially formed 
to facilitate automatic insertion of the device in suitably punched printed-circuit boards. 


MAXIMUM RATINGS, Absolute Maximum Values: 


OPERATING-TEMPERATURE RANGE ..............-..------- —40° to +85°C 
STORAGE-TEMPERATURE RANGE .........-.........------- —65° to +150°C 
LEAD TEMPERATURE (During Soldering): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) 
from case for 10 seconds max. . 2.0... 0.0 20 c eee cece cee eee eens +265°C 
MAXIMUM INPUT-SIGNAL VOLTAGE: 
Between Terminais land 3 ..........-. 2-0 --e cece eee eee cee ee eens +3V 


MAXIMUM DEVICE DISSIPATION: 
At Ambient Jupto#25°C ....20 0. oe eee ce teen eee 950 mW 
Temperatures| above +25°C 


ee 


ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS AT T, = 25°C 
Indicated voltage or current limits for each terminal may be applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 4). 


VOLTAGE CONDITIONS AT OTHER TERMINALS . 


VOLTAGE OR 
CURRENT LIMITS 


GROUND (VOLTAGE 
REFERENCE TERMINAL) 


AF-INPUT TERMINAL 
(EXTERNAL DC VOLTAGE IS NOT NORMALLY APPLIED TO THIS TERMINAL) 


—! 
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<x 
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us 
- 
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os 
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— 
<x 


GROUND (VOLTAGE REFERENCE TERMINAL) 
CONNECTED TO +140 V THROUGH 47 kQ RESISTOR* 
OC VOLTAGE IS NOT NORMALLY APPLIED TO THIS TERMINAL 
AT SAME DC VOLTAGE AS TERMINAL 12 (EXCEPT TERMINAL 9) 


EXTERNAL DC VOLTAGE IS NOT NORMALLY APPLIED TO THIS TERMINAL 
CONNECTED TO TERMINAL 7 THROUGH 100 kQ RESISTOR* 


* Any other combination of DC Supply Voltage and Series Resistance which will not cause the Maximum 
Device Dissipation Limit o: any of the Maximum Voltage os Current Limits for the CA3041 to be exceeded 
may be used. 
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AT SAME DC VOLTAGE AS TERMINAL 12 (EXCEPT TERMINAL 10) 


@ large audio drive voltage capability 
@exccilent AM rejection — 58 dB typ. ot 4.5 MHz 
@inkerent high stability — intemally shielded 


AT SAME DC VOLTAGE AS TERMINAL 12 (EXCEPT TERMINAL 11) 


EXTERNAL DC VOLTAGE IS NOT NORMALLY APPLIED TO THIS TERMINAL 


AT SAME DC VOLTAGE AT TERMINAL 12 (EXCEPT TERMINAL 13) 


FEATURES 


© internal Zener-diode-regulated voltage supply 

@low harmonic radiation 

@wide frequency capability — <100 kHz to> 20 MHz 
@ low harmonic distortion 


ad s2ce—necsm 


Fig.1 - Schematic diegram. 


Fig.2 - Typical dissipation characteristic 
for CA3041. 


6.242 


CONNECTED TO +140 V DC THROUGH 6.2-k!2 RESISTOR® 


: Fig.3 - Test setup for measurement of 
input-impedance components. 


ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, Ta, of 25°C, and a DC Supply 
Voltage, Vcc, of +140 Volts applied to Terminal 14 through a resistance of 6.2 RQ), unless other- 
wise indicated. Any other combination of DC Supply Voltage and Series Resistance which will 
not cause the Maximum Dissipation Limit or any of the Maximum Voltage or Current Limits for 


the CA3041 to be exceeded may be used. 
TEST CONDITIONS LIMITS 


SETUP 
CHARACTERISTICS AND TYPE 
CA3041 


(See Page 7 for Definitions of Terms) PROCEDURE 


SPECIAL CONDITIONS 


Total Device Dissipation 


Zener Regulating Voltage (DC Sup- v1 
ply Voltage at Terminal 14) 4 
Quiescent Operating Current 
(into Terminat 11) M 
$-Volt Current Drain (Quiescent Op- 


erating Current into Terminal 14) 


Input-Impedance Components: 
Parallel Input Resistance 


Vcc = +9 V applied directly 
to Terminal 14 


Output-Impedance Components: 
Parallel Output Resistance 


li 
rT 
[mW | 
cl 
uV 


~_~ 
= 
3 
a” 

— 


Amplitude-Modulation Rejection 
IF-Amplifier Voltage Gain 
Recovered AF Voltage: 


1. At FM-Detector Output 


<= 


Ry. = 50 kQ, Af = 25 kHz 
THD = 0.7% (typ.) 


Fy 
< 
2 


AF-Driver Voltage Gain 


ear) 
= 2) 
nN 
heb pets Te beet jes Ts] -7& [apis 


rT xt x 
BEEER 


PROCEDURES: 
Recovered AF Voltage: 
1. Set Input Signal Generator as follows: 


Output frequency * 4.5 MHz 
Modulating frequency * 1 kHz 
Deviation * + 25 kHz 

Output level for Vj, * 100 mV rms 


2. Set volume control for maximum 
af output. 


3. Measure af output voltage and record 
as Recovered AF Voltage. 


4542 


Total Harmonic Distortion: 


1, Adjust volume control for an af output 
voltage of 300 mV rms. 


2. Measure Total Harmonic Distortion of 

“pF the output signal in accordance with 
a. the Operating Instructions for the Dis- 
tortion Analyzer. 


BOONTON 
TYPE 207H 


UNIVERTER 
OR EQUIVALENT 


BOONTON 
"aM-EMe Input Limiting Voltage (Knee): 
OR EQUIVALENT 1. Decrease Vip until the af output voltage 


of the procedure for measurement of 
5O%K2 Total Harmonic Distortion 


VOLUME (300 mV -3 dB * 210 mV) 
CONTROL 


2. Measure resulting value of Vin and re- 
= cord as Input Limiting Voltage (Knee). 


BALLANTINE 


YPE 3 
VOLTMETER 
OR EQUIVALENT 


+140 V 


a 92CS-14675 


* TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent. 


Fig.7 - Test setup for measurement of input limiting voltage (Knee), 
recovered AF voltage, and total harmonic distortion. 


URVES 
Fig. 


[Fie] 
= 
el 
ae 
ce! 
La 
oi 
Ee 
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is 3 dB less than the value set in Step 1 


CA3041 


‘S| AMBIENT TEMPERATURE (Ta)*25°C Elle 
aE 200 


VOLTAGE GAIN (A)— 68 
INPUT LIMITING VOLTAGE (KNEE) [vi(lim}—,V 


FREQUENCY (f)——-MHx 92CS -14867 


Fig.4 - Typical 1F-amplifier voltage gain and 
input-limiting voltage (knee) characteristics. 


RF VTVM 
(BOONTON 
TYPE 910 

OR EQUIVALENT! 


’ IF WF uF 
ad zt gull * 9265-14946 


PROCEDURE: 
A - Voltage Gain: 
1) Set input frequency at desired value, v;*™ 100 nV rma. 
2) Record Vos 
3) Calculate Voltage Gain A from A * 20 10819 Yo/¥j 


4) Repeat Steps 1, 2, and 3 for each frequency and/or 
for temperature desired. 


Fig.5 - Test setup for measurement of IF-amplifier 
voltage gain. 


(BALLANTINE 


TYPE 3000 
OR EQUIVALENT) 


92CS-14879 


Fig.6 . Test setup for measurement of 
AF -amplifier voltage gain. 


42) AMBIENT TEMPERATURE (Ta)*25°C 


VOLTAGE GAIN (A)—4d8 


FREQUENCY (f)— kHz 


92CS-14686 


Fig.8 - Typical AF-driver voltage-gain characteristic 
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CA3041 


4.5-MH2 
DISCRIMINATOR 
TRANSFORMER ® 


PROCEDURES: 
1. Set FM Signal Generator as follows: 
Modulating hequency = 1000 H 
0.01 uF odulating uency ™ z 
= Deviation * + 35 kHz 
Output level for Vin = 100 mV rms 


AM SIGNAL 
GENERATOR 
(HEWLETT-PACKARD 
TYPE GOGA 
OR EQUIVALENT) 
\ 


as Vig 0.01 pF 
Y =s 2. Set AM Signal Generator as follows: 
A : 6 Output frequency * 4.5 MHz 


Modulating frequency # 1000 Hz 
Per cent modulation * 30 
Output level for Vj, * 10 mV rms 


3. With S] in Position A measure AF Out- 
put Voltage and record as Vo(FM)- 


4. With S; in Position’ B measure AF Out- 
put Voltage and record as Vo(AM)- 


WAVE ANALYZER 
(HEWLETT-PACKARD; 


BOONTON 0.008 TYPE 310A 
TYPE 207H ed OR EQUIVALENT) 


UNIVERTER 
OR EQUIVALENT 


AM REJECTION—48 


BOONTON 


TYPE 202H : re eee 
2 ‘pur sun peers ee AM-FM 5. Determine AM Rejection from 
oR EQUIVALENT | +140V AMR * Vo(FM)/Vo(AM) 
9263-14889 sace-inuts 


Fig.9 - Typical AM rejection characteristics * TRW Electronics, Des Plaines, Illinois. Part No. £023874, of equivalent. 


for CA3041. 


Fig.10 . Test setup for measurement of AM rejection. 


PROCEDURES: 


Total Device Dissipation: 
1, Close Sj, open So, 
2. Measure and record V4 and Ip. 
3. Determine Total Device Dissipation from Pp * Vy ql. 


Quiescent Operating Current into Terminal 11s 
1. Close Sj, open S9. 
2. Measure M1 and record as Quiescent Operating Cur- 
rent into Terminal 11. 
9-Volt Current Drain: 
1. Open Sq, close So. 
2. Measure 114 and record as 9-Volt Current Drain. 


92CS-1468! 


Fig.11-- Test setup for total dissipation, quiescent operating current - 
into terminal No.11, and 9-volt current drain. 


HORIZONTAL DEFLECTION 
& HIGH- VOLTAGE 
CIRCUITS 


PICTURE 
TUBE 


92CM-14876 


a 


* TRW Electronics, Des Plaines, lilinois. Part No. £023874, or equivaient. 


Fig.12 . Block diagram of typical TV receiver using CA3041, 
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Wideband Amplifier, FM Detector, 


AF Preamplifier/Driver 


For Sound Sections of TV Receivers Using Transistor- 
Type AF Output Amplifiers 


RCA Integrated Circuit Type CA3042_ provides, in a single monolithic silicon chip, a 
major sub-system for the sound sections of TV receivers. As shown in the Schematic Dia- 
gram (Fig.l) and the TV Receiver Block Diagrams (Figs.2A and 2B) the CA3042 contains a 
multistage wide-band if-amplifier section, an FM-detector stage, a Zener-diode-regulated 
power-supply section, and an af-amplifier section specifically designed to drive directly an 
n-p-n audio output transistor or a high-gain audio output pentode tube. 


In FM receivers, the CA3042 can be used to provide if amplification and limiting, FM 


detection, and af preamplification. 


The CA3042 provides exceptional versatility of circuit design because the if-amplifier/ 
limiter section, FM detector-section, and af-preamplifier’driver section can be used inde- 


pendently of each other. 


The CA3042 utilizes a 14-lead dual-in-line plastic package with leads specially formed 


CA3042 


FEATURES 


® high sensitivity — input limiting voltage (knee) = 
150 LV typ. at 4.5 MHz 

® 6-mA audio drive capability 

@ excellent AM rejection — 58 dB typ. at 4.5 MHz 

@ inherent high stability — internally shielded 


@ internally Zener-diode-regulated voltage supply 

® low harmonic radiation 

® wide frequency capability — <100 kHz to >20 MHz 
@ low harmonic distortion 


MAXIMUM RATINGS, Absolute-Maximum Values: 


OPERATING- TEMPERATURE RANGE 
STORAGE-TEMPERATURE RANGE ................0 0c ce eeeee —65° to +150°C 
LEAD TEMPERATURE (During Soldering): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) 
from case for 10 seconds max. 
MAXIMUM INPUT-SIGNAL VOLTAGE: 
Between Terminals 1 and 3 


ae ea heh etree at se oad hate —40° to +85°C 


MAXIMUM DEVICE DISSIPATION: 


At Ambient }up to +25°C 
Temperatures| above +25°C 


wis cate oaenicer A veep latacined <a" at atanrentvgcasts ae ig a des fh 950 mW 


to facilitate automatic insertion of the device in suitably punched printed-circuit. boards. 


——— POWER SUPPLY 


ee eee Se FM 
OE TECTOR 


AuDIO 
ORIVER 
O 
14 


HORIZONTAL DEFLECTION 
& HIGH- VOLTAGE 
CIRCUITS 


VERTICAL 
DEFLECTION 


IF 
AMPLIFIER 
& CIRCUITS 


DETECTOR 


| 4.5 MHz 
DISCRIMINATOR TRANSFORMER™ PICTURE 
= TUBE 
see | EE 
0.01 pF 
x 
| LOL | 
" & (11) 0.0047 
) 
CV) (9 : 
4.5 MH 
TRANSF a 
® @ as 
0.0015 ()¢ O.15 wF | 
BF (3) 6 @) | 
| 0.01 uF 6 SOPF ois uF 
50 ka 
VOLUME 
= = CONTROL 
7 100 ka = | 


RCA 
40313 a +270 V 
(- TYPE 
IN3I95 
470 Kha i 
a ool : 
BP +140 V 


33.2 


92CM-14877RI 


Fig. 2(a) - Block diagram of typical TV receiver utilizing 
transistor RCA-40373. 


VERTICAL HORIZONTAL DEFLECTION 
DEFLECTION @ HIGH-VOLTAGE 
CIRCUITS CIRCUITS 


\F 
ee 
DETECTOR 


PICTURE 
TUBE 


TYPE t2FX5,6EHS, 
OR EQUIVALENT 


r) Muting can be accomplished by 
Grounding Terminat No.8 


* For XFMR Details see Fig. 2( a) 
92CM- 14923 


Fig.2(b) - Block diagram of typical TV receiver utilizing 
the CA3042 anda 12FX5, 6EHS, or equivalent. 


6.2k2 
5w A 
+140 Ve—_“V/WWV 0 


+9V 


PreViqlia 


PROCEDURES: 
Total Device Dissipation: 
1. Set switch S in position A 
2. Measure and record Vj4q and 1jq. 
3. Determine Total Device Dissipation from Py = V14114 


Quiescent Operating Current into Terminal 11: 
1. Turn switch S to position B 
2. Measure M1 and record as Quiescent Operating Cur- 
rent into Terminal 11. 
9-Volt Current Drain: 
1. Set switch S in position B 
2. Measure Ij4 and record as 9-Volt Current Drain. 


Fig.3 - Test setup for measurement of total device dissi- 
pation, quiescent current into terminal No.11, and 
9-volt current drain. 
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CA3042 


ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS AT Ta = 25°C 
Indicated voltage or current limits for each terminal may be applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 4). 


VOLTAGE CONDITIONS AT OTHER TERMINALS 


fete ffs [els [ee [ofafe ele 
oe Ta 
Dee ape 
Tate 


GROUND (VOLTAGE 


VOLTAGE OR 
CURRENT LIMITS 


TERMINAL 


3 to +3 


REFERENCE TERMINAL) 


[Bs 
co 
pe 
[fs 
Pe [em fos 
Te 
Pe fae [os 
eo 
Pa | aa fs 


NO CONNECTION 
AF-INPUT TERMINAL 
(EXTERNAL DC VOLTAGE IS NOT NORMALLY APPLIED TO THIS TERMINAL) 


MUTING TERMINAL (EXTERNAL DC VOLTAGE IS NOT NORMALLY APPLIED TO THIS TERMINAL 


AT SAME DC VOLTAGE A$ TERMINAL 1 
AF-DRIVER OUTPUT TERMINAL 
(EXTERNAL DC VOLTAGE IS NOT NORMALLY APPLIED TO THIS TERMINAL) 


GROUND (VOLTAGE REFERENCE TERMINAL) 
CONNECTED TO +140 V DC THROUGH 6.2-k2 RESISTOR* 


AT SAME DC VOLTAGE AS TERMINAL 12 (EXCEPT TERMINAL 10) 
AT SAME DC VOLTAGE AS TERMINAL 12 (EXCEPT TERMINAL 11) 
AT SAME DC VOLTAGE AT TERMINAL 12 (EXCEPT TERMINAL 13) 


EXCEPT THAT TERMINAL MAY BE GROUNDED TO OBTAIN MUTING ACTION) 
AT SAME DC VOLTAGE AS TERMINAL 12 (EXCEPT TERMINAL 9) 


EXTERNAL DC VOLTAGE IS NOT NORMALLY APPLIED TO THIS TERMINAL 
EXTERNAL DC VOLTAGE tS NOT NORMALLY APPLIED TO THIS TERMINAL 


* Any other combination of DC Supply Voltage and Series Resistance which will not cause the Maximum 
Device Dissipation Limit or any of the Maximum Voltage or Current Limits for the CA3042 to be exceeded 


may be used. 


PROCEDURES: 
1. Set FM Signal Generator as follows: 


Output Frequency = 4.5 MHz 
Modulating frequency = 1000 Hz 
Deviation = +25 kHz 
Output level for Vin = 100 mV rms 
2. Set AM Signal Generator as follows: 
Output frequency = 4.5 MHz 
Modulating frequency = = 1000 Hz 
Per cent modulation = 
Output level for Vin = 10 mV rms 
3. With Sj in Position A measure AF Output 
Voltage and record as Vo(FM)- 
4. With 81 in Position B measure AF Output 
Voltage and record as VAM). 


4.5-MH2z 
OISCRIMINATOR 
TRANSFORMER * 
AM SIGNAL 
GENERATOR 
(HEWLETT-PACKARD 


OR EQUIVALENT) 


WAVE ANALYZER 
(HEWLET T~PACKARD 


TYPE 310A 
OR EQUIVALENT) 


Vo(FM) 
Vo(AM) 


5. Determine AM Rejection from AMR = 


* TRW Electronics, Des Plaines, Illinois. 


steeniey Part No. E023874, or equivalent. 


FE 0.0022 pF 


Fig.7 - Test setup for measurement of AM rejection. 
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AMBIENT TEMPERATURE (Tg)—°C 


92C3-14808 


Fig.4 - Typical dissipation characteristic. 


= 92CS -14890 


Fig.5 - Test setup for measurement of input-impedance 
components. 


+140V 
oc 


RF VTVM 
(BOONTON 


TYPE 910 
OR EQUIVALENT 


pF IF cae wal uF 


PROCEDURE Voltage Gain: 
1, Set input frequency at desired value, vj = 100 “V rms. 
2. Record vy. 
3. Calculate Voltage Gain A from A = 20 logyg Vo/V je 


92CS—14878 


4. Repeat Steps 1, 2, and 3 for each frequency and/or for 
temperature desired. 


Fig.6 - Test setup for measurement of IF amplifier 
voltage gain. 


VOLTAGE GAIN ae Bl 


VOLTAGE GAIN (A)-— 68 


INPUT LIMITING VOLTAGE (KNEE) [Vi{(limj}—,V 


FREQUENCY (f)—MHz 


92CS~14887 


Fig.8- Typical IF amplifier voltage gain and input 
limiting voltage (knee) characteristics. 
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ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, T,, of 25°C, and a DC Supply 
Voltage, Voc, of +140 Volts applied to Terminal 14 through a resistance of 6.2 kD, unless other 


wise indicated. Any other combination of DC Supply Voltage and Series Resistance which will 
not cause the Maximum Dissipation Limit or any of the Maximum Voltage or Current Limits for 


CA3042 


the CA3042 to be exceeded may be used. 


SETUP 
CHARACTERISTICS AND 


(See Page 7 for Definitions of Terms) 


Total Device Dissipation 


Zener Regulating Voltage (DC Sup- 
ply Voltage at Terminal 14) 


Quiescent Operating Current 
(into Terminal 11) 


9-Volt Current Drain (Quiescent Op- 


erating Current into Terminat 14) 


Vcc = +9 V applied directly 
to Terminal 14 


Input-Impedance Components: 
Parallel tnput Resistance 


Parallel Input Capacitance 


Output- Impedance Components 
Parallel Output Resistance 
Parallel Output Capacitance 


Input Limiting Voltage (Knee) 
Amplitude-Modutation Rejection 
IF-Amplifier Voltage Gain 


Recovered AF Voltage: 


1, At FM-Detector Output 


2. At AF-Driver Output 
in Test Setup 


3. At AF-Driver Output in 


SIGNAL 
SOURCE 
Rg" S02 


TYPICAL 


VTVM 
(BALLANTINE 
TYPE 3000 
OR EQUIVALENT) 


Vv, 210 MV RMS 
A= 20 tog, ~& 

90 V; 92C8~14912 
Fig.9 - Test setup for measurement of AF amplifier 


voltage gain. 


s | 
3 , 
AW LH 
C9 Yq) aoe comms =. © SR GNU OO OOD SERED om IN 
STINET TIS TH 
a 
a \ 
LUI Nessoer [Nese 
8 id \ ci=50 pF N20 


"10 10° 10° 10° 10 


FREQUENCY (f)—— kHz 


92CS~14910 
Fig.10 - Typical AF amplifier voltage gain 
characteristics. 


mV 
(ms) 


Af= fF Ry = 150 kD V 
TV-Receiver Sound System #25 KHZ} THD = 1.5% (typ.) (rms) 


Total Harmonic Distortion: 
Role 


4.5 MHz 
Ol 


+140V 


A 
TYPE 207H 0.0047 
UNIVERTER T oF 

OR EQUIVALENT — 
BOONTON O.1S wF 
TYPE 202H 

AM-FM $0 
GENERATOR 30 
OR EQUIVALENT 8 
Od 
} : IS pF 
a at 5042 
VOLUME 
CONTROL 
[ BALLANTINE 
TYPE 3000 
VOLTMETER 


OR EQUIVALENT 


* TRW Electronics, Des Plaines, ILL., Part No.EO 23874 (or equivalent). 


92CS-14913 


Nolaf) = 500 m¥ (rs clisle la) 


CC ae ee 


PROCEDURES: 
Recovered AF Voltage: 
1. Set Input Signa! Generator as follows: 
Output frequency = 4.5 MHz 
Modulating frequency = 1 kHz 
Deviation = £25 kHz 
Output level for V;, = 100 mV rms 
2. Set volume control for maximum af output 
3. Measure af output voltage and record as Recovered 
AF Voltage. 
Total Harmonic Distortion: 


1. ean volume control for an af output voltage of 
500 mV rms. 


2. Measure Total Harmonic Distortion of the output 
signal in accordance with the Operating Instructions 
for the Distortion Analyzer. 


Input Limiting Voltage (Knee): 


1. Decrease Vjn until the af a voltage is 3 dB 
less than the value set in Step 1 of the procedure for 
measurement of Total Harmonic Distortion (500mV - 
3 dB = 350 mV) 


2. Measure resulting value of Vin and record as Input 
Limiting Voltage (Knee). 


Fig.11 - Test setup for measurement of input limiting voltage (knee), 
recovered AF voltage, and total harmonic distortion. 
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CA3043 


Special-Function Subsystem 


HIGH-GAIN IF AMPLIFIER, 
LIMITER, FM DETECTOR, AND 
AF PREAMPLIFIER/DRIVER 


FEATURES 


@ high sensitivity - - input limiting voltage (knee) 


50 nV typ. at 10.7 MHz 
© excellent AM rejection - - 58 dB typ. at 10.7 MHz 


© inherent high stability - - internally shielded 


RCA Integrated Circuit Type CA3043 provides in a sin- 
gle monolithic silicon chip, a major sub-system for the 
IF sections of Communications and high-fidelity FM 
receivers. As shown in the Schematic Diagram (Fig.2) 
and the FM Receiver Block Diagram (Fig.1), the CA3043 
contains a multistage if-amplifier/limiter section, an 
FM-detector stage, a Zener-diode régulated power-supply 
section, and an af-amplifier section. In FM receivers, 
the CA3043 can be used to provide if amplification and 
limiting, FM detection, and af preamplification. The 
CA3043 provides exceptional versatility of circuit design 
because the if-amplifier/limiter section, FM detector 
section, and af-preamplifier/driver section can be used 
independently of each other. 


The four stage emitter-follower-coupled if amplifier 
section provides 80-dB voltage gain at 10.7 MHz, and 
features an output stage with exceptionally good limiting 
characteristics because of its transistor constant- 
current sink. 


The FM detector section is distinguished by circuitry 
which provides forward bias to the detector diodes, D2 
and D3, and also provides a reference voltage for AFC. 


The audio amplifier provides a low-impedance drive for 
subsequent audio amplifiers. 


The power supply section provides zener-regulated, 
decoupled voltages for the IF amplifier, detector, and 
audio amplifier sections. 


ABSOLUTE-MAXIMUM RATINGS at Ta = 25°C 


For FM IF Amplifier Applications 
in Communications Receivers and 
High-Fidelity FM Receivers up to 20 Miz 


® internal Zener-diode regulated voltage supply 


e low harmonic radiation 
@ wide frequency capability - - <100 kHz to >20 MHz 


© low harmonic distortion 


@ hermetic 12-lead TO-5 style package 


AMPLIFIER 


IF 20d8 


Vec 


AUDIO 
AMPLIFIER 


92CS-15044 


Fig.1 - Typical application of the CA3043 as a high-gain 


ELECTRICAL CHARACTERISTICS at TA = 25°C 


SYMBOLS 


SPECIAL TEST 
CONDITIONS 


CHARACTERISTICS 


STATIC CHARACTERISTICS — 


Current Drain at 6V 
into Pin No.11 


Regulator Voltage Pin No.11 
Total Device Dissipation 


Quiescent Operating Current 
into Pin No.6 


limiter, amplifier-detector in an FM receiver. 


TEST CIR- 
CUIT AND 
PROCEDURE 


LIMITS 


DYNAMIC CHARACTERISTICS at Vcc = +30V, Rg = 750 (2, f = 10.7 MHz 
eee ae 
Vo(af) at -3dB point 


; = 1 mV (RMS) 
DISSIPATION: ¢timadulatinie = 1kHz 
At Ty = 25°C to Ty = 85°C... . «2... 450 mW Deviation = = 75 kHz 
Above T, = 85°C...... Derate linearly 5 mW/°C ¥ = 10 mV 


LEAD TEMPERATURE (During Soldering): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 min) 


‘from case for 10 seconds max . .. +265°C 
TEMPERATURE RANGE: 

Operating. ....:....... .. -55°C to + 125°C 

Sor agG oscar ate oo aes 65°C to + 150°C 


f (modulating) = 1 kHz 


% modulation = 50% 


Input Impedance Components: ; 


Parallel input Resistance 


" Rig 
600 
Rig 
> 23 4k 
O Oj2. 
Ria SV 
SK Q20 
Os 
Ss 
Q 
Ris 219 
a 22 5K 
O 
Rig S Riz 
Da axsS 4x 
10 s I 
O 
Os 
a 
Qiq © 
' Ras 
O Q\3 3K 
Ri 5 
12K O 
0) 
3 
O 
t2 
o-— 
2 
O 92CM-14999 
Notes: 10K ‘ 


S = Substrate 


Terminal No.3 wire-connected to the case. 


Fig.2 - Schematic diagram. 


. Terminals No.3 and 10 which are connected to the substrate 


should be connected to the most negative point in the circuit. 


| THO | vj = 1mv crs) 


92CS-I5105 


Switch in Position A for: 


Regulator-Voltage, Quiescent- 
Operating-Current, and Device 
Dissipation Test 


Switch in Position B for Current 
into Pin No.11 


Terminal No.10 connected to the case through the substrate 


Diodes D4 and Ds, act as capacitors and are used to balance 


the detector substrate capacitances. 
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Fig.3 - Regulator voltage, device dissipation, quiescent 
operating current, and current at 6 volts into Pin No. 11. 


MAXIMUM VOLTAGE RATINGS 
The following chart gives the range of voltages which can be applied to the terminals 


listed horizontally with respect to the terminals listed vertically. For example, the 
voltage range between horizontal terminal 5 and vertical terminal 3 is +6 to 0 volts. 


Paar cele ede ee 


1+ 
Dp 


Note 1: These terminals should be connected through a dc 
resistance to any terminal which does not exceed 
100 ohms. 


Note 2: Pin 11 may be connected to any positive voltage 
source through a suitable resistor provided its cur- 
rent rating is not exceeded. 


UNIVERTER d 
re oh 
OR EQUIVALENT |O.05 OISTORTION 
oleae i HEWLETT-PACKARD 
GENERATOR TYPE a408 


BOONTON 
TYPE 2028 OR EQUIVALENT 
OR EQUIVALENT 


92CS-15104 


PROCEDURE: 

1, Recovered Audio Voltage vo(af) — 
Set input frequency to 10.7 MHz, 
ves 1 mV(RMS), modulating frequency = 1 kHz 
Deviation = t75 kHz 


Record Vo as measured on the Distortion Analyzer meter 


scale. 
This is the recovered Audio Voltage vo(af) 
2. 3 dB Limiting Sensitivity vi(tim) — 
Reduce vj until vo(af) drops 3 dB. 


Record this value of vj as Vidlim) 


3. Total Harmonic Distortion THD — 


Reset v; to 1mV(RMS) and operate Distortion Analyzer per 
manufacturer’ s instructions to measure THD. 


* See Fig.9 for details on Discriminator Transformer. 


Fig.6 - Input limiting voltage (knee), recovered AF 
voltage, and total harmonic distortion test circuit. 


MAXIMUM 
CURRENT RATINGS 


7 sacle 


[—) 
. 
_ 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 
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FREQUENCY (1) —MHz 
92CS-15038 
Fig.7 - Input limiting voltage (knee) at -3dB point 
vs frequency. 


62 pF | Le 62pF 


92CS-15101 


Coil Form, Outside Diameter = 7/32"! 

Can = 1/2" square X 1-1/8" long 

Stugs - Radio Industries Type MP34/MP100 Material 
Ly & L3 = 20 Turns 5-44 litz wire universal wound 
L2 = 10 Turns 5-44 litz wire wound bifilar with L, 


Ly & L3 coupling adjusted to 520 kHz peak to peak separation 


on S curve when operated in circuit shown in Fig.6. 


Fig.9 - 10.7-MHz discriminator transformer for CA3043. 


Voltage Gain = 20 logyg 100 


Vo 
I¢ (lim) = 
Q 


CA3043 


40-48 


ATTENUATOR 
GENERAL RADIO 
TYPE 874 
OR EQUIVALENT 


TUNED 
LC NETWORK: 2 kQ 


RF VTVM 
BOONTON 
TYPE 9IC 
OR EQUIVALENT 


AM GENERATOR 
MEASUREMENT 


TYPE 65B 
OR EQUIVALENT 


RF _VTVM 
BOONTON 
TYPE SIC 


+30V 32CS-15+96 


Vi 


Cp - Bypass Capacitor, 0.1 uF electrolytic in parallel with 0.01 uF 


vi = 100 mV(RMS) 
2K. 


* Output circuit should be completely shielded from the input 
circuit at the socket. 


Fig.4 - Voltage gain test circuit. 


VOLTAGE GAIN (Ay) —4B8 


FREQUENCY (f)—MHz 
92C$-15035 


Fig.5 - Voltage gain vs frequency. 


FREQUENCY 
COUNTER 


UNIVERTER 

BOONTON 

TYPE 207€ 
OR EQUIVALENT 


GENERATOR 
BOONTON 
TYPE 2028 
OR EQUIVALENT 


AM GENERATOR 
MEASUREMENT 
CORR 
TYPE 658 
OR EQUIVALENT 


92CS- 15103 


PROCEDURE: 
A. Connect FM Generator to CA3043 input. 


Set frequency to 10.7 MHz, v; = 10 mV, modulating frequen- 
cy = 1 kHz 

Deviation = +75 kHz. 

Tune Wave Analyzer to peak reading at 1 kHz and record 
recovered Audio Voltage vo(af)FM- 


B. Disconnect FM Generator and Connect AM Generator to 


CA3043 input. 


Set frequency to 10.7 MHz, vj = 10 mV, modulating frequen- 
cy = 1 kHz, percent modulation = 50%. 


Tune Wave Analyzer to peak reading and record recovered 
audi Itage 

o voltage Vo(af)AM Vo(af)FM 
Amplitude Modulation Rejection Ratio = 20 logi9 —~— 2 


Yo(af}AM 


Fig.8 - Amplitude modulation rejection test circuit. 
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CA3044, CA3044V1 


Special-Function Subsystem ‘ 


WIDE-BAND AMPLIFIER/PHASE DETECTOR 
WITH ZENER DIODE VOLTAGE REGULATOR 


"For AFC (Automatic 
Frequency Control) Applications 


The RCA CA3044 .and CA3044V1 represent a second 
generation of integrated circuits designed primarily for 
AFC (Automatic-Frequency-Control) applications. 


The CA3044V1 is electrically identical to the CA3044 but 
is supplied with formed leads for easier PC board design 
and construction. 


ABSOLUTE-MAXIMUM RATINGS 
DISSIPATION: 


ADT 8 25°C ieee edd ede Koed ROR ee Gwe ee eS 830 mW 
Above Ta = 25°C... ....--+ 000000 »Derate linearly 5.6 mW/°C 


TEMPERATURE RANGE: . 
Operating ..... Sahat See wales Se let eens, Wat Bist 
Storage’ 2554 ih wae ek ees ee ee ee ee 


LEAD TEMPERATURE (During Soldering): 
At distance 1/16 + 1/32 inch (1.59 + 0.79mm) 
from case for 10 seconds max. . ... . 


MAXIMUM VOLTAGE RATINGS at Ty = 25°C 


FEATURES 


®@ Primarily intended for AFC (automatic frequency 
control) Applications 
® Internal Zener Diode Voltage Regulator 


© Differential Input Amplifier /Limiter 
@ Full-Wave Diode Bridge Detector 
© Differential Oytput Voltage Amplifier 


CORRECTION -CONTAOL 
g VOLTAGES 


® Available in Two Electrically Identical Versions 
of the 10-lead TO-5 style package, 


CA3044 With Straight Leads; 


Ly AND La * PHASE DETECTOR 
TRANSFORMER 


CA3044V1 With Formed Leads 92¢s- 15209 
© Wide Operating Temperature Range; -55 to +125°C Fig.1 - Block diagram of Typical Automatic Fine Tuning 
(AFT) Application using CA3044 or CA3044V1 in 
Color-TV Receiver. 


-55°C to +125°C 
-65°C to +150°C 


+ 265C 


OIDDES DS AND 06 ACT AS CAPACITORS AND ARE USED TO 
BALANCE THE DETECTOR SUBSTRATE CAPACITANCES. 
92C$- 15208 


_ Fig.2 - Schematic diagram CA3044, CA3044VI 


The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the MAXIMUM 
voltage range between vertical terminal 2 and horizontal terminal 6 is +20 to 0 volts. CURRENT RATINGS 


4 Terminal No. 10 may be connected to any positive voltage 
source through a Suitable dropping resistor — provided the 
dissipation rating is not exceeded. 
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+30V 


92CS-15234 


Fig.3 - Test setup: Measurement of total device dissi- 
pation, Zener regulating voltage, quiescent operating 
current (terminal 2). 


1.5k2 


+30V 


Ly: TRW PART No. 23754 
OR EQUIVALENT 


* Voltages are not normally applied between these terminals. 92CS-15237 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. Fig.4 - Input limiting sensitivity test circuit. 


ELECTRICAL CHARACTERISTICS at Ta® 25°C, Unless Otherwise Specified 


TEST 
SYMBOLS | CIRCUITS 


CHARAC- 
TERISTIC 
CURVES 


LIMITS 
CA3044 and CA3044V1 


TEST 


CHARACTERISTICS CONDITIONS 


STATIC CHARACTERISTICS 


Device Dissipation 


Device Dissipation 


Device Dissipation 


Rg = 1.5kO 
Ta = +125°C 


9-Volt Current Drain 


Zener Regulating Voitage - 
DC Supply Voltage at Terminal 10 


Quiescent Operating Current into 
Terminal 2 


Quiescent Operating Voltage at 
Terminal 4 


Quiescent Operating Voltage at 
Terminal 5 


Output Offset Voltage between 
Terminats 4 and 5 


DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER) 


Pp 
Pp 
Pp 
V 


T 
T 
T 
4 
Vs 


_ 
o 
wn 
a 
~ ~ 


V4.5 


| Input Limiting Voltage (Knee) Limiting 
0.5+j1.1 
3.8+j3.4 
“11.7 +10. 
0.077 +j0. 


ie 
< 


Input Admittance 

Reverse Transfer Admittance 

Forward Transfer Admittance 

Output Admittance 

OUTPUT vs FREQUENCY DEVIATION - AFC 


f = 45.75 MHz 
Voc * 30 V 
Ro = 1.5 KQ 


EB 


~~ 
wm 
QO] pme 


Reg < 
®S 


Vern = +30V 
cC 

Vin = 200 mV RMS 

fy = MHz as 

indicated 


' 
: 


% of % of 


Correction-Control Voltage at 
Terminal 4 


7 


on 


we 


= 
an (ar) — 


= 
~ 


Correction-Controt Voltage at 
Terminal § 


=~ 


45.750 - 0.025 


= 


< 
w — 


ttt am 


CORRECTION 
GE CONTROL VOLTAGE 
TERMINAL 5 


10of 


il 


> 
” 
& 
i 
So 
> 
od 
2 
a. 
e 
2 
fo) 


SRRSAT STARS ATHH AS BaaesHaEAE 
0.020 y INPUT FREQUENCY DEVIATION — MHz 


INPUT FREQUENCY DEVIATION —MHz 92CS- 15239 


92Cs-15238 


Fig.6 - Typical narrow-band dynamic control voltage 


characteristics. characteristics. 


Fig.7 - Typical wide-band dynamic control voltage 


CA3044, CA3044V1 


DYNAMIC CONTROL VOLTAGE 
CHARACTERISTICS 


The CA3044 and CA3044VI are specifically in- 
tended for use in the AFT system of color television 
receivers. Each device is tested so that the control 
voltages generated by the circuit meet the critical re- 
quirements of the system. Figure 5 is the schematic 
diagram of the test circuit. 


Figure 6 and 7 show the control voltages gener- 
ated at terminals 4 and 5 of the Integrated Circuit as a 
function of the frequency deviation from the nominal 
center frequency. Figure 6 shows the region within 
25 KHz of the center frequency while Figure 7 covers 
the entire bandwidth of the system. The horizontal 
reference lines on the figures are generated by a volt- 
age divider connected between the power supply volt- 
age on Terminal 10 and ground. The dynamic control 
voltages are compared with these references according 
to the Output vs Frequency Deviation Table. For ex- 
ample: when the frequency deviation is -25 KHz the 
control voltage at Terminal 4 is greater than the refer- 
ence A voltage; the control voltage at Terminal 5 is 
less than the reference B voltage. 


The shape of the correction voltage character- 
istics is dependent to a large degree upon transformer 
characteristics and the parts layout. In order to 
closely duplicate the curves shown, the printed circuit 
board shown in Figure 8 and the parts layout shown 
in Figure 9 should be followed as closely as possible. 


Ly_ IS ALIGNED FOR SYMMETRICAL BANDWIDTH ON Ly: TRW PART No.23754 


EITHER SIDE OF 45.750 MH. OR EQUIVALENT. 
Lo 1S ALIGNED FOR ZERO DIFFERENTIAL OUTPUT La: TRW PART No. 23755 
BETWEEN TERMINALS 4 AND 5 AT {, = 45.750 MHz. OR EQUIVALENT. 


92CS- 15235 


Fig.5- Correction voltage test circuit for 


CA3044 and CA3044VI. 


DEFINITIONS OF TERMS 


Input Limiting Voltage (Knee) [v,(1im)]} 

The input signal voltage which will cause the output signal to 
decrease 3 dB from its maximum level. 

Total Device Dissipation (Py) 


The total power drain of the device with no signal applied and 
no externa! load current. 


_ Quiescent Operating Voltage 


The dc voltage at the output terminal, with respect to ground, 
with no signal applied. 
Quiescent Operating Current 


The average (dc) value of the current in either output, terminal, 
with no signal applied. 


Output Offset Voltage 
The dc voltage between output terminals with no signal applied. 


Control! Voltage 


The dc voltage at either output terminal with respect to ground 
with an RF signal of specified frequency applied. 
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CA3044, CA3044V1 


a) Top view | b) Bottom view 


Fig.8 - Printed Circuit Board for Test Circuit - - 
Full Size | 


Fig.9 - Top view of wired test board. 
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Four Independent AC Amplifiers 


Special-Function Sub-System for Stereo Preamplifiers, 


Magnetic Pickups, Tape Heads, etc. 


FEATURES 


® Four AC amplifiers on a common substrate 
@ independently accessible inputs and outputs 
® Operates from single-ended supply 


EACH AMPLIFIER 


® High voltage gain . 53 dB min. 

® High input resistance 90 k {2 typ. 
™ Undistorted output voltage 2 V rms min. 
= Output Impedance 1k QQ typ. 

@ Open-loop bandwidth 300 kHz typ. 


The RCA-CA3052 is a silicon monolithic 
integrated circuit designed specifically for 
stereo preamplifier service. The circuit con- 
sists of four independent ac amplifiers which 
can operate from a single-ended supply. 


The CA3052 can operate as an equalizer 
amplifier in tape recorders, magnetic car- 
tridge phonograph applications, and tone 
control amplifiers. It can provide all of the 
amplification necessary for a. full-function 
stereo preamplifier. 


The CA3052 is supplied in a 16-lead dual- 
in-line plastic package. 


RCA-CA3052 is schematically identical with 
the CA3048 Amplifier Array (File No. 377). 
Each amplifier of the CA3048 is tightly 
specified for equivalent output noise under 
a variety of test methods. The CA3052 is 
specified using RIAA test methods for equiv- 
alent input noise using one test method for 
amplifiers 1 and 4, and an appropriately 
different method for amplifiers 2 and 3. 


TONE AN 
VOLUME 


EQUALIZATION 


lo) 
CONTROL 
CHANNEL A 


INPUT 


TO CHANNEL A 
POWER AMPLIFIER 


TO CHANNEL B 
POWER AMPLIFIER 


CHANNEL B 
INPUT 


TONE AND 
EQUALIZATION VOLUME CONTROL 


3285-41 19° 


Fig. 1 — Block diagram of stereo preamplifier 
using CA3052. 


CA3052 
APPLICATIONS 


# Full-function stereo preamplifiers 
= Tape recorder and playback preamplifiers 
= Tone Generators 


ABSOLUTE-MAXIMUM RATING at Ty = 25°C: 


POWER SUPPLY VOLTAGE... cece e ees HEV 
AC INPUT VOLTAGE .......0..0.0. 0.0.00 cee eee eee nent e nnn ennans 0.5 V rms 
DISSIPATION: 
Upto Te 55 C™ 5 ceed Ratb ine nt Oot ded ceo d aaa anaes 750 mw 
Pbovel e650 C 5 uivdie oie satel ene ieawadsenatens Derate linearly at 7.7 mW/°C 


TEMPERATURE RANGE: 


OPOrAUING: es Beige Sica. ee aves aie, Seale ae eR ES Beek a Pea os -40°C to +85°C 

DEOKHOE 4.oo 6 oe eh ete ee wee OS alae e. bw ee oe we Be —65 C to +150°C 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16 £1/32 inch (1.59 40.79 mm) 

from case for 10 seconds max. 6 2. ee ee ee ee eee eee +265°C 


MAXIMUM VOLTAGE RATINGS 


The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 4 is +2to-3.6 volts. 


RM- 


+16 


ee. 


+ 


at 


INAL 
No. 
Fai 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if the 
specified limits between all other terminals are not exceeded. 
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ELECTRICAL CHARACTERISTICS at Tag = 25°C 


LIMITS 
CA3052 UNITS 


MAX 


SYMBOLS 


CHARACTERISTICS 


TEST CONDITIONS 


STATIC 


Current drain per amplifier pair 


Vec =+12V 


DC Voltage Vie Vee 
at Output Terminals Viv Vig Veco =+t12V 
DC Voltage V3, V7, ; 
at Feedback Terminals Vio» 14 Voc = +12V 1.7 


DC Voltage Var Vg | 
at Input Terminals Vor V33 Veco =t12V 


DYNAMIC each amplifier with no AC feedback unless otherwise noted~terminals 3, 7, 10, & 14 bypassed to ground 


Vec =+12V 


Open-Loop Gain 


Open-Loop Vo(rms) 


Output Voltage Swing 


Open-Loop -3 dB Bandwidth 
Open-Loop Voc = +12V, f = 1kHz 
Total Harmonic Distortion wey EouT = av ms 
Input Resistance Voc = +12V, f = 1kHz 


Input Capacitance C, Voc =+12V, f= 1MHz 
Output Resistance Vec = +12V, f = 1 kHz 


Feedback Capacitance 
(Output to non- 
inverting Input) 


% 


oO 
rr 


© 
+ 
a 


Equivalent Input 
Noise Voitage 
(Amplifiers 1 & 4), 

‘*C”* Filter at Output* 


En) t 


Equivalent Input 
Noise Voltage 
(Amplifiers 2 & 3) 
RIAA Compensated* 


Vec =+10V 
Ry = 5k 
A = 64dB (1 kHz) 


< 


Vec =+12V 
f =1kHz 
0dB =0.78V 


Inter-Amplifier Audio 


Separation “Cross Talk?! ' < +45 


inter-Amplifier Capacitance’ 

(Any amplifier output to 
any other amplifier input) 
*Per IHF Standard Methods of Measurement for Audio Amplifiers IHF—A—201, 1966 . 
t ac feedback included in test circuit 


Voc =+12V 
f = 1MHz 


so) 
nN 


rs | 
: S 
<< er Ao) FT iso x= 


=z 
NO 
+ 


O39 O10 ©5 GNO (1) 


NOTE: ALL RESISTOR VALUES ARE IN OHMS 


Ra 
R7 02 
15K 200 
8 


O'3 Ol4 O2 GND (2) 


92CM-18412 


Fig. 2— Schematic diagram for CA3052. 


T TEMPERATURE (T,)* 25°C 


DC SUPPLY MILLIAMPERES (1j2 OR Ij5) 


aes 
el 
ale 
cae 
eee 
art 
ail 
Ban 


DC SUPPLY VOLTS (Vcc) 
92$$-4120 


Fig. 4 — Typical DC supply current vs supply 
voltage. 
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OC SUPPLY VOLTS (Vec) 


92CS 1546) 


Fig. 7 — Typical amplifier gain vs DC supply 
voltage. 
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Fig. 5 — Typical DC supply current vs ambient 
temperature. 


COLLECTOR SUPPLY VOLTS (Vccl= ta]... + 
RMS INPUT SIGNAL MILLIVOLTS (Ey) = 1 | 2222 
OPERATING FREQUENCY (f) = IkHz oie 


ee 
+e 
re 
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treee 


eg 
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ptt 


OPEN LOOP GAIN (Ag, )- 48 


oe 
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ae oe 
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92CS -15467RI 


Fig. 8 — Typical open-loop gain vs ambient 
temperature. 


CA3052 


by [9 
0.05uF 


CONNECT TO APPROPRIATE TERMINAL TO READ VOLTAGE 


*Vec 


92CS-15473 


Fig. 3 — Test circuit for measurement of collector 
supply voltage and currents. 


1000 
1% “OUTPUT” TO VTVM HP4009 OR EQUIVALENT 
“INPUT"® 
Es C) 10 0 05uF 
: % mn 

cen.) 33uF DISTORTION 

% “BYPASS 005 {ANALYZER 

uF HP 3330 OR 
EQUIVALENT 


Yee 9208-16472 


* Sig Gen should be a low distortion type (0.2% THD or less) 
HP206A or equivalent. 


@ Adjustment of Eg to 2 volts will make Es =2mv. 


Test Circuit shows Amplifier #1 under test, to test Amplifiers 2, 3, 
or 4; Connect terminals as shown in Table. 


AMPLIFIER ee 
OUTPUT INPUT | BYPASS 
3 


4 

8 7 
9 10 
13 14 


Fig. 6 — Test circuit for measurement of 
distortion, open-loop gain, and 
bandwidth characteristics. 


COLLECTOR SUPPLY VOLTS (Vcc) = + 12 
AMBIENT TEMPERATURE (T,) = 25°C 


OPEN LOOP GAIN (Agcy) ~ 6B 


10,000 100,000 


FREQUENCY (f) - kHz 


92C$-15468 


Fig. 9 — Typical open-loop gain vs frequency. 
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CA3052 


COLLECTOR SUPPLY VOLTS «+12 FT++ 
RMS OUTPUT VOLTS (Eo) #2 gasped 
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Fig. 10 — Typical total harmonic distortion vs 
ambient temperature. 


0.005 9-033 


0.47 


Vv, 
ce HSS, 


*Resistors are low noise precision (1%) Metal Film type. 


Fig. 13 — Test circuit for equivalent input noise 
voltage measurement, RIAA 
compensated. 


* * 
V.T.V.M. V.T.V.M 


SIGNAL GENERATOR 
HP650 OR 
EQUIVALENT 


9205 15471 


*V.T.V.M. > Hewlett-Packard Model 400D or equivalent. 
Procedure: 
1. Adjust Signal Generator for 0dB output at reference terminal. 


2. Read voltage at other output terminals (Figure shows terminal #1 


used as reference). 


Fig. 14 — Test circuit for measurement of inter- 
amplifier audio separation “cross talk’’ 


characteristic. 
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; VTV¥m, HP400D 
OR EQUIVALENT 
I ace 


1oK* 18k * \e Z 
+ “BYPASS 


1500 pF 


* 
“INPUT” 5K 


0.005 ZA a v 
“OUTPUT” 


[A la 


3 Pa 7 


+Vee 9265-41} 


*Resistors are low noise precision, (1%) Metal Film type. 
Resistor values are in ohms; capacitance values are 
in microfarads, unless otherwise specified. 


Fig. 11 —Test circuit for measurement of equivalent 
input noise voltage of amplifiers 1 and 4. 


OPERATING CONSIDERATIONS 


Economical Gain Control 


The CA3052 is designed to permit flexibility 


in the methods by which amplifier gain can 
be controlled, Fig. 15 shows a curve of the 
gain of an amplifier when the internal re- 
sistive feedback of the device is used in con- 
junction with an external resistor, Although 


measured gain of various amplifiers will not: 


Ry *50,000 OHMS 
TAPPED AT 
12,000 OHMS 


“AMPLIFIER GAIN - dB 


COLLECTOR SUPPLY VOLTS (Vcc) = +12 
OPERATING FREQUENCY (f) = 1 kHz 
AMBIENT TEMPERATURE (Ta) = 25°C 


J 100 1000 10,000 
RESISTANCE IN FEEDBACK CIRCUIT (REg) — OHMS 
92CS-15469 


Fig. 12— Typical amplifier gain vs feedback 
resistance. 


. be uniform, because of tolerances of internal 


resistances, this method is very economical 
and easy to apply. 


Stability 


The CA3052, as in other devices having high 
gain-band-width product, requires some at- 
tention to circuit layout, design, and con- 
struction to achieve stability. 


Should the CA3052 be left unterminated, 
socket capacitance alone will provide suffi- 
cient feedback to cause high frequency oscil- 
lations; therefore, all test circuits in this data 
bulletin include loading networks that pro- 
vide stability under all conditions. 


Vcc (14 VOLTS ) 
O 


OUTPUT 
TO POWER 
AMPLIFIER 


TO OTHER 
Ro CHANNEL 


Performance Data 


Gain at 1-kHz reference 


Boost at 100 Hz 
Boost at 10 kHz 
Cut at 100 Hz 
Cut at 10 kHz 


Noise: 


47 dB 
11.5 dB 
11.5 dB 
10 dB 
9 dB 


At maximum volume (input shorted) > 70 dB below 1 volt 


At minimum volume 


> 80 dB below 1 volt 


Total harmonic distortion (at ]-kHz reference - 


and an output of | volt) 


< 0.3 per cent 


92CM- 29305 


Fig. 15 — Schematic of one channel of a complete 
stereo preamplifier. 


TV Automatic Fine Tuning Circuit 


RCA-CA3064 and CA3064E represent the third generation of 
integrated circuits designed primarily for AFC (Automatic- 
Frequency-Contro!) applications. They provide all of the 
signal-processing components needed (with the exception of 
the tuned-phase-detector transformer) to derive the AFT cor- 
rection signals from the output of the video-if amplifier. The 
CA3064 is supplied in the 10-formed-lead TO-5 style pack- 
age, and the CA3064E in the 14-lead dual-in-line plastic 
package.. Both types operate over the temperature range of 
—55 to +125°C. 


The CA3064 and CA3064E are functionally similar to the 
CA3044 and CA3044V1 but embody a higher-gain input 
amplifier which provides a 20-dB improvement in sensi- 
tivity. The increased sensitivity extends the application of 
a proven AFT system to the low-level if-amplifier stages 
in TV receivers. 

Because the CA3064 and CA3064E are functionally similar to 
the CA3044 and CA3044V1, refer to Application Note 
ICAN-5831, ‘Application of the RCA CA3044 and CA3044V1 
Integrated Circuits in Automatic Fine-Tuning Systems” for 
general application information. 


Features: 


Internal voltage regulator 

Differential detector 

For use with either color or monochrome 
Differential amplifier 

Bipolar outputs 

Wide operating-temperature range; —55 to +125°C 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DEVICE DISSIPATION: 
UptoTa=28°%. 2. 2. 2 ww we ee 700 mW 
Above Ta = 25°C. i are derate linearly 5.6 mW/°C 
AMBIENT TEMPERATURE RANGE: 


Operating . —§5 to +125°C 
Storage. 2. 1 ew ee ~65 to +150°C 
LEAD TEMPERATURE (During Soldering): 
At distance 1/16" + 1/32" 
(1.59 mm + 0.79 mm) 
from case for10smax. . . . 1. 1 ee 265°C 
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hati Ncw ®ourpur y 


92CS- 22471 


fa) CA3064 (b} CA3064E 


Fig.2 — Terminal assignment diagrams. 


TERMINAL NUMBERS IN 
PARENTHESES ARE FOR 
14-LEAD OUAL - IN-LINE 
PLASTIC PACKAGE 


92CS~ 22408 


Fig. 3 — Test setup: Measurement of total device 


dissipation, zener regulating voltage, 
quiescent operating current at 
terminal 2 (3). 


Cascode type high-gain amplifier (18 mV input for rated output) 


CA3064, CA3064E 


CA3064 
CA3064E 


ZENER 
VOLTAGE 
REGULATOR 


CORRECTION VOLTAGE 
TO VHF AND UHF 
TUNERS 


*seE FIG.-5(b) FOR COIL DATA 
TERMINAL NUMBERS IN PARENTHESES ARE 
FOR 14-LEAD DUAL-IN-LINE PLASTIC 
PACKAGE 


92CM -15810Rt 
Fig.1 — Block diagram of typical operating circuit utilizing the CA3064 and CA3064E. 


ELECTRICAL CHARACTERISTICS at Ty = 25°C, Unless Otherwise Specified 


CHARAC- 
TERISTIC 


LIMITS 
CA3064, CA3064E 


TEST 
SYMBOLS 4 CIRCUITS 


TEST 
CONDITIONS 


~25°C 

ate] m] oe 
joa] us| 
ees 


CHARACTERISTICS 


FIG. 


STATIC CHARACTERISTICS 


Device Dissipation 


150 


Current Drain at 10.5 Volts 


Zener Regulated Voltage — OC 
Supply Voltage at terminal 10(1)* 


Quiescent Operating Current into 
Terminal 2(3) 

Quiescent Operating Voltage at V4(5) 
Terminal 4(5) 

Quiescent Operating Voltage at V5(8) 
Terminal 5(8) 


Output Offset Voltage between 
Terminals 4 and 5(5 and 8) (5-8) 


DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER IN TO-5 STYLE PACKAGE) 


Vt =+30V 
Vp =18 mV 


135 
i) 


ly 6 


V10(1) 


< 
Py 
oi 


sie 
co aon 


Correction Voltage Output 
as shown in table below. 
f = 45.75 MHz 


| = [ose 
Rg=15kQ | - { 24.5 -j29 
= 0.04 + j0.9 


Vt =+30V 
Vi =18 mv RMS | % of ou 
fg = MHz as V10 

indicated (1) 


remo fs] | 
rasi50-000 | - |_| 
ress0-oam fo] | 
Fasis0-oam | - |_| 
risa50-1s0 
eee ee 
rs 50-000 | - |_| 
aa 
eee 
ease 
ee 
ace 


< 


hems — 


Input Voltage Sensitivity 


sensitivity 
Yu 
Y12 


Input Admittance 
Reverse Transfer Admittance 


— 


Forward Transfer Admittance 


Output Admittance ¥99 
OUTPUT vs FREQUENCY DEVIATION - AFC 


< 
o 


ik 
ra} 
o 
~ 


Correction-Control Voltage at 
Terminal 4(5) 


Ba | 


mn 
wd 


Fess 030] 
rsst-as0 [| 
rss0 0500 | a0 
Pesan ist | 


* Terminal numbers in parentheses are for 14-lead dual-in-line plastic package. 


Correction-Control Voltage at 
Terminal 5(8) 


~ 
ww Nn w KR -_ 


Qa 
£2ee 
wn 3 
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CA3064, CA3064E 


MAXIMUM VOLTAGE RATINGS at Ta = 25°C 


The following chart gives the range of voltages which can be applied to the terminals listed 


vertically with respect to the terminals fisted horizontally. For example, the voltage range 
between vertical terminal 2 (3) and horizontal terminal 6 (9) is +20 to O volts. Terminal 
nos. in parentheses are for the 14-lead dual-in-line plastic package. 


MAXIMUM 
CURRENT RATINGS 


4 Terminal number 10 (1) may be connected to any positive voltage 
source greater than the internal zener regulating voltage through a 
suitable dropping resistor — provided the dissipation rating is not 
exceeded, 

® This terminal should be connected to the most negative potential of 
the complete circuit. 


ALL RESISTANCE VALUES ARE IN 
OHMS. 


TERMINAL NUMBERS IN PAREN ~ 
THESES ARE FOR I4-LEAD 
ee ce PLASTIC PACK - 


* Voltages are not normally applied between these terminals. Voltages 
appearing between these terminals will be safe if the specified limits 
between all other terminals are not exceeded. 

6 It is recommended that unused terminals 6,7,10,11, and 13 on the 
14-lead dual-in-line-plastic package and terminal 9 on the TO-5 
package be grounded to act as shields. 


5K 
DCM ISRO TR: 


Fi g. 4 — Schematic diagram for CA3064 and CA3064E. 
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SIGNAL 
GENERATOR 


VI 
= 


CONTROL VOLTAGE OUTPUT 


ALL RESISTORS ARE 1% TOLERANCE AND ARE IN OHMS 
TERMINAL NUMBERS IN PARENTHESES ARE FOR !4-LEAD 
DUAL-IN-LINE PLASTIC PACKAGE : 


92CS5 -1$813R: 


L,§S ALIGNED FOR SYMMETRICAL BANDWIDTH ON 
EITHER SIDE OF 45 750 MHz 


Ly TERTIARY WINDING WOUND ON L, COIL FORM 


L3 1S ALIGNED FOR ZERO DIFFERENTIAL OUTPUT 
BETWEEN TERMINALS 4 AND 5 AT f= 45.750 MHz 


* FOR CONL CONSTRUCTION DATA, SEE FIG 4(b). 


oe Ce 


Coil RCA Distributor Part No. 
(Ly, Lo) 122 213 
Lege se ci as ee Se 122 203 


Fig.5 (a) -- Correction voltage test circuit for CA3064 and CA3064E. 


COIL DATA FOR DISCRIMINATOR WINDINGS 


L4 — Discriminator Primary: 3-1/6 turns; #20 Enamel-cov- 
ered wire — close-wound, at bottom of coil form. Inductance 
of Ly = 0.165 wH; Qo = 120 at fo = 45.75 MHz. 

Start winding at terminal #6; finish at Terminal #1. See Notes 
below. 


L2 — Tertiary Windings: 2-1/6 turns; #20 Enamel-covered 
wire — close wound over bottom end of Ly. Start winding at 
Terminal #3; finish at Terminal #4. See Notes below. 


L3 — Discriminator Secondary: 3-1/2 turns; center-tapped, 
space wound at bottom of coil form. 
Inductance of L3 = 0.180 wH; Qo = 150 at fo = 45.75 MHz. 
Start winding at Terminal #2; finish at Terminal #5; connect 
center tap to Terminal #7. See Notes below. 
Notes: 1. Coil Forms; Cylindrical; —0.30’ Dia. max. 

2. Tuning Core: 0.250” Dia. x 0.37” Length. 

: Material: Carbinal J or equivalent 
3. Coil Form Base: See drawing below. 
4. End of coil nearest terminal board to be designated 
the winding start end. 


TYP 
92CS-15814 


Fig.5 (b) Coil form base terminal diagram. 


IF Amplifier-Limiter, FM Detector, 
Electronic Attenuator, Audio Driver 


For Television Sound-System Applications 


The RCA CA3065 Television Sound System is a 
monolithic integrated circuit which combines a multi- 
stage IF amplifier limiter, an FM detector, an electronic 
attenuator, a zener diode regulated power supply, and 
an audio amplifier-driver that is designed to directly 
drive an npn power transistor or high-transconductance 
tube. Because the circuit is so inclusive, a minimum 
number of external components is required. A block 
diagram of the integrated circuit television sound sys- 
tem is shown in Fig. 1. 

The CA3065 with its advanced circuit design pro- 
vides a high-performance multistage subsystem for the 
sound system of a television receiver. A particular fea- 
ture of the CA3065 is the electronic attenuator which 


MAXIMUM RATINGS, Absolute Maximum Values, at Ty = 25°C ein? 
Input Signal Voltage (between Terminals 1 and 2) .. +3 V TRANSEORMER 
Power Supply Current (Terminal 5)..........00- 50 mA | 
Power Dissipation: 

Upto Ts. = 25°C canetencees so vecue weed 850 mW 

Above T, = 25°C...... ig, saan aiden te shes pasha ley Derate linearly 6.67 mW/°C 
Ambient Temperature Range: a a tana 

Operating ie 6 nse ONS ee 5S ee ee Oe RS - 40 to + 85 °C 

SLOFARS. 4.0 Pe Ma awe ee Wee Woes pees - 65 to +150 % 


Lead Temperature (During Soldering): 


At distance 1/16 + 1/32 inch (1.59 + 0.79mm) 
from case for 10 seconds max. .....-eeeeeeee eerice 


performs the conventional volume control function. Vol- 
ume control is accomplished when the bias levels in the 
attenuator are changed by means of a variable resistor 
connected between Terminal 6 and ground (attenuation in 
excess of 60 dB is attained). Because no audio signal is 
present in this control, hum or noise pickup can be by- 
passed. In most cases, only a single unshielded wire is 
required between the IF board and the variable resistor 
(volume control). 

The CA3065 utilizes a 14-lead dual-in-line plastic 
package with leads specially formed to facilitate auto- 
matic insertion of the device into suitably punched printed- 
circuit boards. 


CA3065 


FEATURES: 


@ Electronic attenuator- replaces conventiona! 
volume control 


@ Differential peak detector- requires one single 
tuned coil 


@ Internal Zener diode regulated supply 

@ Inherent high stability 

@ Excellent AM rejection - 50 dB typ. at 4.5MHz 

@ Low harmonic distortion 

@ High sensitivity -200 ..V limiting (knee) at 4.5MHz 
@ Audio drive capability -6mA p-p 

® Undistorted audio output voltage - 7 V p-p 


Vec (140 VOLTS) 


Ry 


oc 
VOLUME 
CONTROL 


ELECTRONIC 
ATTENUATOR 


TO POWER 


FM 
OE TECTOR AMPLIFIER 


QunLoapeD)* 65 TO 8S ae oF : 
ALL RESISTANCE VALUES ARE IN OHMS + + 92CM “1501785 


Fig. 1- Block diagram of CA3065 in atypical circuit application. 


+265 °C 


MAXIMUM VOLTAGE RATINGS ot Ty = 25°C 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range of the vertical terminal 9 with respect to terminal 3 is 0 to +4 volts. 


+13 +13 


1 
0 0 


it 
2) 
> 
t- 
(=) 
= 
(2) 
a 


fede 
mes 


Note 1: Terminal No. 5 may be connected to any positive 
voltage through a suitable resistor provided that 
the current and dissipation ratings of the CA3065 


are not exceeded. 


*Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
specified limits between all other terminals are not exceeded. 


MAXIMUM 
CURRENT RATINGS 


SUBSTRATE: 
CONNECT TO 
TERMINAL 3 


oOo 
° on 


° 
oO 
2 
one) 
= 3 
c 
a # 
m 


° _ - 2 
ss wn 
= 
aa N 
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CA3065 


R42 Ras 
390 390 
(4) (13) U 920M-15819R0 


Fig. 2-Schematic diagram of CA3065 


ELECTRICAL CHARACTERISTICS at Tg = 25°C, Voc = +140 V applied to Terminal 5 through 
Rs = 3.9 kQ, and DC Volume Control (R,) = 0 unless otherwise indicated. 


LIMITS 
CHARACTERISTIC SYMBOL SPECIAL TEST CONDITIONS a= 
Static Choracteristics 


Connect Terminal 5 to +9 V ae 


Zener Regulating Voltage 
Terminal No. 5 


Current into Terminal 5 


<5 <p Vin 
nm 


Dynamic Characteristics 
IF AMPLIFIER 
Input Limiting Voltage 
(at -3 dB point) 


fo «4.5 MHZ. fm ~ 400 Hz, 
Deviation - +25 kHz, 


Victim) 


Amplitude Modulation - 30% 
f - 4.5 MHz 


AM Rejection 


Transconductance 
Magnitude 


f - 4.5 MHz 
IF input Terminals: 2,1 
IF Output Terminals: 9, 3 


IGml (1F ) 


“UF, 


Feedback Capacitance Crp f - 1 MHz; Terminals 2 and 9 pF 
Input Impedance Components: RIF) Measured between Ka 


Parallel input Resistance 
Parallel Input Capacitance 


Terminal Nos. | and 2 
f= 4.5 MHz 


Measured between 
Terminal No. 9 and gnd 
f : 4.5 MHz 


f 4 5MHz. Vy 100 mV 
JA +25 KHz 
fm - 400 Hz 


See Fig. 7 
— @ 


a + 0.1 Virms), f - 400 H2 


i Uns SNe 
THD = 5%, § = 400 Hz 


*"'Ptaytnrough"’ voltage is the unwanted signal, measured at Terminal 8, when the volume control is set for minimum output. 


C; (IF) 


Ry (IF) 
Co(IF) 


Output Impedance Components: 
Parallel Output Resistance 
Parallel Qutput Capacitance 
DETECTOR 
Recovered AF Voltage 
Total Harmonic Distortion 
Output Resistance: 
Terminal 7 
Terminal 8 
ATTENUATOR 
| Max. Atenuation 


Vo (af) 


AUDIO AMPLIFIER 
Voltage Gain 

Total Harmonic Distortion 
Undistorted Output Voltage 
Input Resistance 
Output Resistance 


ne) 
Ro (af) 
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The resistance values included on the schematic diagram have been 
supplied aS a convenience to assist Equipment Manufacturers in 
optimizing the selection of ‘‘outboard’’ components of equipment 
designs. The values shown may vary as much as + 30%. 

RCA reserves the right to make any changes in the Resistance 
Values provided such changes do not adversely affect the published 
performance characteristics of the device, 


BALLANTINE 

TYPE 3000 
VOLTMETER 

OR EQUIVALENT 


CA3065 


BOONTON 
TYPE 207H 
UNIVERTER 

OR EQUIVALENT 


BOONTON DISTORTION 
TYPE 202H ANALY ZER 
AM-FM (HEWLETT- 


GENERATOR 
OR EQUIVALENT 


PACKARD 
TYPE 330 
OR 


ALL RESISTANCE VALUES ARE IN OHMS = 
Ly 216 4H NOMINAL 
Q( UNLOADED) *65 TO 85 


EQUIVALENT) 


TERMINALS IH, 12, 13,14 NO CONNECTION 
92CM- 15815 


Fig. 3-Input limiting voltage, AM rejection, re- 
covered audio, total harmonic distortion, maxi- 
mum attenuation, maximum ‘‘play-through"’ 

test circuit. 


DISTORTION 
ANALYZER 


OSCILLATOR 
HEWLETT — 
PACKARD 
TYPE_200CD 
OR- 
EQUIVALENT 


TERMINALS 7,8,11,13 NO CONNECTION 
ALL RESISTANCE VALUES ARE IN OHMS 


92CS 15616 


Fig. 4- Audio voltage gain (undistorted output) 
test circuit. 


C) +140 


TO DIODE 
DETECTOR & 
OSCILLOSCOPE 


VIDEO SWEEP 
GENERATOR 
(KAY VIDEO 100 
WARKASWEEP 
MODEL 154A OR 
EQUIVALENT) 
9288-4434 


FO 


AL 


LL 
LY 


IF ~ AMPLIFIER VOLTAGE GAIN A(IF) - dB 


0.1 1 0 
FREQUENCY (f) - MHz 
, (b) Response curve 9285-4435 


Fig. 5 - Frequency response of IF-omplifier section of CA3065 


CA3065 


OPERATING CONSIDERATIONS 


+140 ¥ AMBIENT TEMPERATURE | AMBIENT TEMPERATURE (Tq): 25*C | 25°C 


The CA3065 may be used to drive a video output 
transistor or a high-transconductance output tube. 


© ° 
re ts) 


As in all TV receivers, precaution should be 
taken to prevent destruction of the CA3065 in the event 
of cascade arcs originating in the picture tube or in the 
output tube. In the case of arcing in the output tube a 
resistor of 150k in series with terminal No. 12 and the 
grid of the tube is usually sufficient protection. 


BALLANTINE 
TYPE 340 


VOLTMETER 
OR EQUIVALENT 


(HEWLETT-PACKARD 


TYPE 606A 
OR EQUIVALENT) 


e-y 
Oo 


REDUCTION OF RECOVERED AUDIO 
FROM MAXIMUM VOLUME— 48 
on 
oO 


N 
te} 


To prevent damage from picture tube arcs, a careful 
analysis of board layout and coupling modes (electro- 


G?SS-44% 


Oise ora a £8 ee static or magnetic) may be necessary to suggest alter- 
RESIS (Ry) FROM TERMINAL 6 TO GND—OHMS nate layouts or appropriate locations for the placement 
E92CS-15818 of spark gaps to absorb the high energy discharge. 


Fig. 7 - Gain reduction vs. resistance 
(terminal 6 to gnd) 


hoe 


VOLUME | 
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~~ 
‘ 
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< 
z 
< 
1) 
ve) 
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=! 
oO 
> 
~ 
Ww 
= 
& 
t=) 
a 
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~ 


FREQUENCY — MHz 
(b) Response curve 9088-4437 


Fig. 6 - Frequency response of af-amplifier 


section of CA3065 


9288-4438 9288-4439 ° 
(a) Printed circuit board — bottom view* (b) Parts layout — top view* 


Fig. 8 - Recommended parts layout for TV receiver 


sound strip using CA3065. 


* A 200 mil square grid was used in the layout of passive components on the 
printed circuit board. The Quad-in-line formed leads conform to a standard 
grid spacing of 100 mil centers. 
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CA3066, CA3067 


Television Chroma System 


The RCA CA3066 and CA3067 are monolithic silicon 
integrated circuits that constitute a complete chroma system 
for color television receivers. The CA3066_ provides 
subcarrier regeneration and total chroma signal processing 
prior to demodulation; the CA3067 performs the 
demodulation and tint control functions. Each device utilizes 


System Features 


CA3066 
CHROMA SIGNAL PROCESSOR 


= Complete Color Sync Circuit 
® Blanked Chroma Amplifier 
@ Chroma Band-Pass Amplifier 


a 16-lead quad-in-line plastic package. 
CA3066 CHROMA SIGNAL PROCESSOR 


The CA3066 contains substantially all the color processing 
circuitry exclusive of the tint control and demodulating 
circuits. The chroma amplifier sections of the CA3066 
consist of the chroma and bandpass amplifiers. The chroma 
amplifier receives the chroma input signal at terminal No. 1. 
This amplifier is gain controlled by the automatic chroma 
control (ACC) detector-amplifier. The chroma signal is 
internally coupled from the output of the chroma amplifier 
to the input of the chroma bandpass amplifier and burst 
separator amplifier. The horizontal keying pulse (+8V) is 
used to gate the burst portion of the chroma signal from the 
input of the bandpass amplifier to the input of the burst 
separator amplifier. The bandpass amplifier is gain controlled 
by the dc chroma gain control and can also be controlled by 
the killer detector-amplifier. The bandpass amplifier output 
is internally coupled to the chroma output amplifier stage of 
the CA3066. The coils of the chroma amplifier and the 
bandpass amplifier are stagger-tuned to provide a combined 
typical bandpass of 3.08 to 4.08 MHz. The burst separator 
amplifier injects the burst signal into the 3.58 MHz oscillator. 
The oscillator amplitude is dependent on the terminal No. 9 
impedance to ground and is also responsive to the burst 
signal amplitude at terminal No. 11. The ACC detector and 
killer detector sense the burst level or absence of burst, 
respectively, by monitoring the oscillators response to the 
burst injection level. The thresholds for the ACC and kiiler 
are independently adjusted by resistors R2 and R1 at 
terminals No. 9 and No. 4, respectively. The chroma output 
is at terminal No. 14 and the oscillator output is at terminal 
No. 8. Terminal No. 6 is a zener diode for use as a regulated 
voltage reference at 11.9 volts. When the zener reference 
element is not used, the power supply voltage should be 
maintained at 11.2 + 0.5 volts. 


5 


SUBSTRATE O 


NOTE . Qig THROUGH O29 ARE EMITTER FOLLOWERS 
ALL RESISTANCE VALUES ARE IN OHMS 


‘ Ra 
: . c. 


@ Low Output Impedance Chroma Driver 

@ ACC Detector-Amplifier 

® Killer Detector-Amplifier 

® DC Chroma Gain Control 

® Zener Diode for Regulated Voltage Reference 
@ Short-Circuit Protection on All Terminals 


CA3066 
ELECTRICAL CHARACTERISTICS at Ty 


Static Characteristics 


Voltages: 

- ACC Reference 
Burst-Chroma Amp!. Bias Current Term. 
Kitler Reference , 

ag. Reference 

Oscillator input 
Oscillator Output 
Balance (ACC Control) 
Chroma Output 


= 


DIN ID [& iG) Iho 


Currents: 
Tota! Supply 
Burst Separator Output 


_ 
Ww 


Chroma Ampl. Output 


Dynamic Characteristics 


Oscillator Output 


Chroma Output: 
100% 


Ri7 Roo 
400 SK 
Q9 
z - 
O 
Rig 
620 
Ray 
5K 
Lite) 
R20 R23 
« 5K 


7 


92CL-17454 


Fig. 1 -CA3066 schematic diagram. 
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= 25°C and Vt = 11.2 V 


CA3067 
CHROMA DEMODULATOR 


® Balanced Chroma Demodulators 

® Color Difference Matrix 

® DC Tint Control 

® Three Low Output Impedance Drivers for Direct Coupling 
® Reference Subcarrier Limiter 

® Zener Diode for Regulated Voltage Reference 

@ Internal RF Filtering 


CA3066 


MAXIMUM RATINGS, Absolute-Maximum Values at 
Ta = 25°C 
Supply Voltages and Currents (see charts below) 
Device Dissipation: 
UptoTa=70°C ............ 600 mW 
Above Ta = 70°C . . . .derate linearly 7.7 mW/°C 
Ambient Temperature Range: 


Operating ............2.. —40t0 +85 YC 
Storage ............0.. —65 to +150 °C 
Lead Temperature (During soldering for 
10s max. at not less than 1/32” from package). . . +265 °C 


Voltage with respect to 
Terminat No. 5. 


Terminal Vin. Vmax. 
No. (volts) | (votts) 
6 


Current 


Terminal 
No. 


Ni Terminal No. 6 is connected to a zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than-the maximum current rating of 
terminal No. 6. 


N2 The upper voitage limit cannot exceed the power 
supply input voltage at terminal 12. 


+1b2V 


3KQ 


+20V 


92CS -)750) 


Fig. 2 - Static characteristics test circuit for CA3066. 


AMBIENT TEMPERATURE (Ta) =25°C 
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0 40 60 120 160 200 
CHROMA INPUT— PERCENT S2C8-I7802 
Fig. 3- Typical ACC characteristic of chroma output vs 
chroma input for CA3066. 


CA3067 CHROMA DEMODULATOR 


The CA3067 contains the separate functional systems of a 
dc tint control and a demodulator. The phase shift of the tint 
amplifier system is accomplished by functional control of the 
fixed phase signal from the CA3066 oscillator output. This 
regenerated reference subcarrier is applied to terminal No. 3 
and driven differentially into phase shift circuits. The tint 
adjustment controls the vector addition of phase shifted 
signals after which a limiting amplifier removes any remain- 
ing amplitude modulation. The output of the tint amplifier 
at terminal No. 1 is phase separated for the required 
reference subcarrier phase at terminal No. 6 and No. 12 
(terminal No. 12 lags terminal No. 6 by approximately 76°). 
These terminals are inputs to the demodulator drive amp- 
lifiers. The demodulators consist of two sets of balanced 
detectors which receive their reference subcarrier from the 


demodulator drive amplifiers. The chroma signal input from 


the CA3066 is applied to terminal No. 14. The chroma signal 
differentially drives the demodulators. The demodulation 
components are matrixed and dc-shifted in voltage to give 
R-~Y, G—Y, and B—Y color difference components with 
close dc balance and proper amplitude ratios. The output 
amplifiers of the CA3067 are specially designed to meet the 
low-impedance driving source requirements of the high-level 
color output amplifiers. A special feature of the CA3067 is 
R—C filtering of high frequency demodulation components. 
Terminal No. 4 is a zener diode for use as a regulated voltage 
reference at 11.9V. When the zener reference element is not 
used, the power supply should be maintained at +11.2 +0.5 
volts. 


: 92CS8-17503 
Fig. 5- Static characteristics test circuit for CA3067. 


ALL RESISTANCE VALUES ARE IN OHMS 


UNLESS OTHERWISE INDICATED, 

ALL CAPACITANCE VALUES 
LESS THAN 1.0 ARE IN MICROFARADS 
10 OR GREATER ARE IN PICOFARADS 


ALL COILS HAVE A OQgy >30 


CA3066, CA3067 


+Hl2v 
82 
CHROMA 
OUTPUT 
O 
| O 
eal OSCILLATOR 
OUTPUT 
(9) 
27K 
R2 
10 50K 
Acc 
ADJ. 
= 92CM-17042RI 


Fig. 4 - Dynamic characteristics test circuit for CA3066. 


DYNAMIC CHARACTERISTICS TEST PROCEDURE 


Steps 1, 2, and 3 are performed with no Chroma input 

(vz = 0) 

1. Adjust ACC potentiometer for V2 = +0.65V. 

2. Adjust Killer potentiometer for V4 = +1.2V. 

3. Adjust capacitor Cy, (crystal trimmer) so that 
frequency of oscillator is 3.579545 MHz. 

4. Unless otherwise noted, the chroma gain control is at 
maximum gain (fully clockwise). 

5. The chroma input test signal is a 52.5 us “line” at 
subcarrier frequency, and 10 cycles of burst at 46.5% 


of the ‘‘line’’ amplitude. The chroma input (v4) is in 
peak-to-peak volts of ‘line’ amplitude. 

The chroma output (v14) is the same as the chroma 
input (vz) except that the burst is removed and keying 
overshoot occurs in the retrace period. The chroma 
Output is in peak-to-peak volts of *‘line’’ amplitude. 
The oscillator output (vg) is the CW output at terminal 
No. 8 and is in peak-to-peak volts. Some modulation 
of oscillation dampening between burst injection is 
visible. 


O13 


NOTE : Q37 THROUGH Qs, ARE EMITTER FOLLOWERS 


ALL RESISTANCE VALUES ARE IN OHMS acc inass 
ALL CAPACITANCE VALUES ARE IN pF 


Fig. 6 -CA3067 schematic diagram. 
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CA3066, CA3067 


ELECTRICAL CHARACTERISTICS at Ta = 25°C and V* = 11.2 V 


CHARACTERISTIC SYMBOL; TEST CONDITIONS 


Static Characteristics 
Voltages: 


Tint Control-Input 
Reference Subcarrier 
Zener Regulator Ref. 
B--Y, R—Y Oscillator Ref. Inputs | Ve. Vi2_ | 
Balance (B~Y, R—Y) 1 V7,V41 | 
B—Y, G—Y, R—Y Outputs 


Difference Outputs” 


Chroma Inputs 

Tint Ampl. Balance Vi6 
Currents: 

Tint Ampt. Output (min.) 

Total Supply 


Dynamic Characteristics 


Tint Amplifier Output 
Sensitivity 
Limiting Knee V4 
Limiting 

Tint Ampl. Phase Ref.4 

Tint Ampl. Phase Shift? 

Demodulated Chroma Output: 
R—Y 0 
Ratio of G~Y to R~Y Vo/v 
Ratio of B—Y to R-Y 


Color Difference Output BWn; 
BW at 3.3 dB eit 


Color Difference Outputs (max. input signals): 
R-Y 


_ 
oS 


< 
oo 
< 
° 


< 
= 
o 


< 


< 


Small Signal Input Resistance 


Terminal No. 3 
Terminal Nos. 6 & 12 

Small Signai Output Resistance 
Terminal Nos. 8, 9, & 10 


"AVg = Vg aH 7 2 “av =Vg ie i hi ba 


a 


2S IO VE he 10 
— 
TINT a 1 56 
CONTROL) 54, 4.7K t! 05 
‘68 0082 
- 01 3.58 MHz db © @ ae 
rererence 'R [| | yk 
SUBCARRIER =| 
INPUT 
Oo (3) 
Ol | 
CHROMA 
INPUT | 
Oo 
05 
620 
BH 


CIRCUIT 
GND. 


ALL RESISTANCE VALUES ARE IN OHMS 
UNLESS OTHERWISE INDICATED, ALL CAPACITANCE VALUES 


LESS THAN } 7 ARE IN MICROFAR ADS 
1. OR GREATER ARE IN PICOF ARADS REG. 


DYNAMIC CHARACTERISTICS TEST PROCEDURE 


1. The reference subcarrier input (v3) is a 3.58 MHz CW 4. 


signal from a 5082 source. 
2. The chroma input (v4) is a 3.53 MHz CW signal from 


a 502 source. 5. 


3. Phase and amplitude at terminal Nos. 1, 3,.6 and 12 
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V3 = 70mvV (RMS) 
Avs V3 = 70mV (RMS) 


V3 = 70mV (RMS) 
V14 = 35mV (RMS) 


V3 = 70mV (RMS) 
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REF.O + Fig. 7 - Dynamic characteristics test circuit for CA3067. 


are measured with a vector voltmeter (HP8405A or 
equivalent). 

Signals at terminal Nos. 8, 9, and 10 are measured with 
an ac voltmeter (HP400E or equivalent) or an oscillo- 
scope. 


Unless otherwise noted the Tint control is at max- 


imum resistance. 


CA3067 
MAXIMUM RATINGS, Absolute-Maximum Values at 
Ta = 25°C | 
Supply Voltages and Currents (see charts below) 
Device Dissipation: 
UptoTa=70°C ............ 600. mW 
Above Ta = 70°C .. . . derate linearly 7.7 mW/°C 
Ambient Temperature Range: 
Operating ............0.. —40 to +85 °C 


Storage. se Sw ee ae ea —65 to +150 °C 
Lead Temperature (During soldering for 
10s max. at not less than 1/32” from package). . . +265 °C 
Voltage with respect to . 


Current 


Terminal No. 5 


Terminal | Vmin. | Vmax. 
No. (volts) | (volts) 


N1 = Terminal No. 4 is connected to a zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than the maximum current rating of 
terminal No. 4. 

N2 The upper voitage limit cannot exceed the power 
supply input voltage at terminal 13. 

N3 Terminal No. 16 should be bypassed for normal 
operation. 


B-Y(Vg), G-¥(Vg), R—Y(Vig) OUTPUTS — VOLTS 


D.C. SUPPLY VOLTS (V),3) 


92CS-I7504 


Fig. 8- DC voltage at color-difference outputs vs supply 
voltage for CA3067. 


OC SUPPLY VOLTS (V*)= 11.2 
(SEE FIG 8) 
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AMBIENT TEMPERATURE — °C 


92CS -17505 
Fig. 9- Temperature drift of DC voltage at color-difference 
outputs for CA3067. 


Television Video IF System 


RCA-CA3068 is a monolithic integrated circuit that in- 
corporates an entire video TV-IF subsystem on a single chip. 
Innovations in integrated circuit design, in addition to the 
many active devices and closely matched components uti- 
lized in the circuit, make the CA3068 ideally suited for use 
in color and black-and-white TV receivers. 

The primary functions performed by the {F subsystem are 
video IF amplification, linear detection, video output ampli- 
fication, AGC from a keyed supply, AGC delay for tuner, 
sound carrier detection, sound carrier amplification, and a 
buffered AFT output. The advanced circuit design of the 
CA3068 also includes secondary functions for improved 


MAXIMUM RATINGS, Absolute Maximum Values, at Ta = 25°C 


noise immunity and minimal airplane flutter. An isolated 
zener reference diode, incorporated in the IC, provides a 
convenient and economical means for controlling the regu- 
lated voltage supply. The inherent wide bandwidth capability 
(10-70 MHz) and high overall gain (87 dB) make the CA3068 
suitable for other AM IF applications whose frequencies 
range within this bandwidth. 


The CA3068 utilizes a unique 20-lead quad-in-line plastic 
package. This package also includes a wrap-around shield 
that serves to minimize interlead capacitances. 


DC Supply Voltage: 
Between Terminals 15 and 5” ow ccc tee ete ee eee te teeta eee ee tees 11.3 Vv 
Terminal 7 (Collector to ground) 2.0.0.0... ccc ete ee cee tebe ene etenees 20 Vv 
Terminal 9 (Collector to ground) 6... cc ee eee tree eee eeeees 20 Vv 
DC Current (into Terminal 18) 20.00.00... eee et ee eee e sete teeees 2 mA 
Device Dissipation: 
Upita TA 60 Co 525 iain ck Be See rig pabepeehor one el died DL ea waa 600 mw 
Above T= 00 6: es hi tc aes a as a ew es a ae ae - derate linearly 6.7 mW/°C 
Ambient Temperature Range: 
ODer AIG sstie.cshra ds cee care eae dann Gavenios aaa & ae by aed ag aw Rana Soon Rees —40 to +85 °C 
Storage: ctu. eine bh oe Pee oe tok bach otek OOS AS dh Reet HS Oe da Ba ee Reiss — 65 to +150 =C 
Lead Temperature (During soldering): 
At distance not less than 1/32" (0.79 mm) from case for 10 seconds max. ............2.0005 +265 rc 


* This rating does not apply when using the internal zener reference in 
conjunction with the pass transistor. 


POWE: 
0 O 
TO AFT 
veo 


TYPE 
2N5183 


CA3068 


ARE IN OHMS 


Fig. 2 — Test circuit for measurement of white level (V1g) and terminal 2 voltage (V2). 


Fig. 1 Functional block diagram of the CA3068. 


ALL RESISTANCE VALUES 


SZCM-ITHE 


H.P. 608C 
OR EQUIVALENT 


$30°¥ RF GENERATOR 


R,=50 KQ POTENTIOMETER 

Ly =2.2 ~@H: ADJUST No. OF TURNS FOR ALIGNMENT 
La=i.5 wH: ADJUST No. OF TURNS FOR ALIGNMENT 
C = I pF: ADJUST FOR PROPER ALIGNMENT 


ALL RESISTANCE VALUES ARE IN OHMS 


UNLESS OTHERWISE INDICATED, ALL CAPACITANCE VALUES: 
LESS THAN 1.0 ARE IN MICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS 


CA3068 


FEATURES: 
High-gain wide-band !F amplifier: 75 dB typ. at 45 MHz 
Gain reduction with excellent stability: 50 dB typ. at 45 MHz 
Video detector with linear characteristics 
Video amplifier: 12 dB gain 
Impulse noise limiter 
Keyed AGC with noise immunity circuits 
Delayed AGC for tuner 
Buffered AFT output 
Separate sound !F intercarrier 
amplification 
Sound carrier detector 
4.5 MHz sound carrier amplifier 
Isolated zener reference diode for 
regulated voltage supply 
@ See ICAN-6303, A Single IC for 
the Complete PIX-IF System in 
TV Receivers” for Schematic Diagram 


TYPE vte28V 
2N5183 C) 


I2yH 


45K 4.5MHz AFT VIDEO OUTPUT 
OUTPUT DRIVE 3,58 MHz OUTPUT 


EST 


vIT 


92CS-I7S37RI 


1- ADJUST LEVEL "o" TO GIVE 
6dB ATTENUATION OF MIXER 


ALL RESISTANCE VALUES ARE IN OHMS 


9928-17536 


(b) Test setup for measurement of sound and chroma outputs. 


92CS -17543 


Fig. 3 — Typical dynamic test circuit diagrams. 
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CA3068 


ELECTRICAL CHARACTERISTICS at Ta = 25°C 


TEST CONDITIONS 


LIMITS 


CHARACTERISTIC UNITS 


-- 
< 
= 
3) 
r ‘4 


Static (DC) Characteristics 


Quiescent Circuit Current 


DC Voltages: 
Terminal 2 (Sound) 


~ 


< 
nN 


<3 


Terminal 3 (Keying Input) 
Terminal 7 (1) (AGC) 
Terminal 7 (2) (AGC) 
Terminal 8 (AGC Delay) 


Terminal 9 (Cascode Collector) 


< 
“ 


Terminal 16 (Bias) 


= 
o 


Terminal 18 (Zener) 
Terminal 19.(White Level) 


V18 
V 


V5 =V17 =O0V,14g=1mA 


fee < e|s|s 
i‘o) s = Ww 
E - : |< < < 


os 


9 


Dynamic Characteristics 


ALL RESISTANCE VALUES ARE IN OHMS 


Video Sensitivity fo = 45.75 MHz, Mod. (AM) = 85% rae 
at 400 Hz; Adjust e; for 4 Vp-p at 


Term. 19 
fg = 45.75 MHz, e,(CW) = 10 mV 


Fig. 4 — Test circuit for measurement of quiescent current 
(115), keying terminal voltage (V3), bias voltage (V16), AGC 
terminal voltage 1 (V7), and cascode collector voltage (Vg 


Sync. Tip Level Voltage 


Automatic Fine Tuning (AFT) 
Drive Level Voltage 


Detay Bias Voltage: 
Ate; = 10mV 


fo = 45.75 MHz, eq(CW) = 20 mV; 


At ey = 30 mV 


Adjust Rj for V7 = 14 V 


vtal3v 
O 


3.58 MHz Chroma Output 
Voltage 


V19_ | fo = 45.75 MHz, e;(step mod.) = 
10 mV; 
f1 = 42.17 MHz, ey{step mod.) = 
3.33 mV 
fo = 45.75 MHz, ej(step mod.) = 
10 mV; 
f2 = 41.25 MHz, ey(step mod.) = 
2.5 mV 


4.5-MHz Sound Output Voltage Vv 


Parallel Input Impedance: 
Resistance at Term. 6 


Capacitance at Term. 6 


ci} os 


: fo = 45.75 MHz 
Resistance at Term. 12 


Capacitance at Term. 12 Impedance and Admittance 
measured at bias conditions 
as developed by circuit 


shown in Fig. 7 


ALL RESISTANCE VALUES 
ARE IN OHMS 
Resistance at Term. 13 


Capacitance at Term. 13 


Parallel Output Impedance: 
Resistance at Term. 9 he sec ecingss 


ios catia aalie Fig. 5 — Test circuit for measurement of AGC terminal 
Cascode Transfer Characteristics: voltage 2 (V7) and terminal 8 voltage (Vg). 
Magnitude of Forward 


Transadmittance 


Reverse Transfer Capacitance 
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CA3070, CA3071, CA3072 Types 


SYSTEM FEATURES 


Television Chroma System 


The RCA CA3070, CA3071, and CA3072 are monolithic 
silicon integrated circuits that constitute a complete chroma 
system for color television receivers. The CA3070 is a 
complete subcarrier regeneration system featuring a new 
concept of phase control applied to the oscillator circuit. The 
CA3071 is a chroma amplifier system and the CA3072 


CA3070 


Chroma Signal Processor 


The CA3070 is a complete subcarrier regeneration system 
with automatic phase control applied to the oscillator. An 
amplified chroma: signal from the CA3071 is applied to 
terminals No. 13 and No. 14, which are the automatic phase 
contro! (APC) and the automatic chroma control (ACC) in- 
puts. APC and ACC detection is keyed by the horizontal 
pulse which also inhibits the oscillator output amplifier 
during the burst interval. 


The ACC system uses a synchronous detector to develop a 
correction voltage at the differential output terminal Nos. 15 
& 16. This control signal is applied to the input terminal Nos. 
1 & 14 of the CA3071. The APC system aiso uses a synchro- 
nous detector. The APC error voltage is internally coupled to 
the 3.58 MHz oscillator at balance; the phase of the signal at 
terminal No. 13 is in quadrature with the oscillator. 

To accomplish phasing requirements, an RC phase shift 
network is used between the chroma input and terminal Nos. 
13 and 14. The feedback loop of the oscillator is from 
terminal Nos. 7 and 8 back to No. 6. The same oscillator 
signal is available at terminal Nos. 7 and 8, but the dc output 
of the APC detector controls the relative signal fevels at 
terminal Nos. 7 or 8. Because the output at terminal No. 8 
is shifted in phase compared to the output at terminal No. 7, 
which is applied directly to the crystal circuit, control of the 
relative amplitudes at terminal Nos. 7 and 8 alters the phase 
in the feedback loop, thereby changing the frequency of the 
crystal oscillator. Balance adjustments of dc offsets are 
provided to establish an initial no-signal offset control in the 
ACC output, and a no-signal, on-frequency adjustment 
through the APC detector-amplifier circuit which controls 
the oscillator frequency. The oscillator output stage is 
differentially controlled at terminal Nos. 2 and 3 by the hue 
control input to terminal No. 1. The hue phase shift is 
accomplished by the external R, L, and C components that 
couple the oscillator output to the demodulator input 
terminals. The CA3070 includes a shunt regulator to establish 
a 12-volt de supply. , 


Maximum Voltage and Current Ratings at Ta = +25 °C 


Voltage4 
Terminal Min. Max. 
No. Volts Volts 


+16 


4 With respect to terminal 
No.5 and with terminal 
No. 10 connected through 
4702. to +24 V. 


-_ 
[-7) 


+ 
+16 


nal No. 10. 

N2 Controlled by max. input 
current 

N3-Limited by dissipation. 


N1 Regulated voitage at termi- 


performs the demodulation function. 


The CA3070 utilizes the 16-lead plastic dual-in-line package; 
the CA3071 and CA3072 are supplied 14-lead plastic 
dual-in-line packages. 


AMPLIFIED 
CHROMA 


APC 
AOvUST 


ele al 
OuTPUT 


HoRIz 
KEY (3)-——<7) 
PULSE y 
4) shunt || 
REG ANO 
| CA3070 BIAS CKT | | 
Leese as Seer yee 
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©) © e@ O ) OO ©) O 


Re 
10K 


80 
SUBSTRATE 


ALL RESISTANCE VALUES ARE (N OHMS 


| 
| 
| 
| 
| 
Loe: 


CA3070 
Voltage Controlled Oscillator 
Keyed APC & ACC Detectors 
DC Hue Control 
Shunt Regulator 


cA2071 
ACC Controlled Chroma Amplifier 
DC Chroma Gain Control 
Color Killer 
Amplifier Short-Circuit Protection 
CA3072 


Synchronous Detector with Color Difference Matrix 


Emitter-Follower Output Amplifiers with Short-Circuit 
Protection 


et ee eee eee nna corm me rere 


Bal 


| 

| 

| 

logieor 
CIRCUIT } 

| 

| 
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Fal 


fo 


“¢aso72 | 
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Ree 
1.1K 92CL-17488 


Fig. 2 — Schematic diagram CA3070. 


CA3070, CA3071, CA3072 Types 


MAXIMUM RATINGS, Absolute Maximum-Values at Ta = 25°C 
Device Dissipation: 


Upto TA =+70°C ..........e ee eee 530 mW 

Above Ta = +70°C .. . Derate Linearly at 6.7 mw/c 
Ambient Temperature Range: 

Operating ........ 0... eee —4010 +85 °C 

Storage yn iene etene reams —65 to +150 °C 
Lead Temperature (During Soldering): 

At distance 1/32 in. (3.17 mm) from seating plane 

for 10smax. ............ +265 =¢ 


ELECTRICAL CHARACTERISTICS, at Ta = 25°C and V+ = +24 V unless otherwise specified 


LIMITS 


CA3070 | 


CHARACTERISTICS TEST 


CIRCUITS 


SYMBOLS 


SPECIAL TEST CONDITIONS 


Static Characteristics 


Voltage: 
Hue Control 


Oscillator Input 
APC Input 
Regulator 


Vv 

Vv 
Vv 
Vv 


Regulator Change 
Horizontat Key Input 


1 
6 
13 
10 
V10 
V4 
} Currents: 
Oscillator Output 
APC Output 
v2 
V3 


ACC Output 
Dynamic Characteristics 
Oscillator Outputs: 


Terminal No. 2 


Terminal No. 3 


ACC Detected Output 
Oscillator Pull-in Range 


Vi6—V15 


NTSC GEN. SET e, FOR 


BURST OF 0.4 V p-p 
ON OFF 

45S +4V % 2 

PEAK PULSE 


ON THE BURST 


} ACC OUTPUT 


"ACC ADJ" 
20K 


NOTES: 


|. ALL RESISTANCES IN OHMS. 


» UNLESS OTHERWISE SPECIFIED ALL CAPACITANCES 
ARE IN MICROFARADS. 


- Vo & vz MEAS'D WITH LOW-CAPACITY SCOPE 
PROBE S$ 20 pF. 


92CM~1757BRI 


Fig. 4 — CA3070 Dynamic test circuit. 


346 


92cS-17576 
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CA3070 


~. no 


(c) 


vr. 


92CS~-17577 


Fig. 3 ~ Static characteristics test circuits. 


Dynamic Test initial Adjustments 
1. 


APC ADJUST: With S2 in “OFF” position adjust the 
“APC ADJ’ potentiometer to set oscillator frequency at 
'3.579545MHz +25 Hz. With S1 in position 1 measure 
frequency at terminal No. 2 output, using crystal probe 
shown in Fig. 6. 


. ACC ADJUST: With $2 in “OFF” position adjust “ACC 


ADJ” potentiometer to give an ACC output reading of 
O+2 mV. 


Procedure to Pull-in Range Measurement 
1: 


Set S1 in position 1 and connect the crystal probe to 
terminal No. 2. 


. Turn $2 to “OFF” and set “APC ADJ.”’ arm to ground. 


. Turn S2 to “ON” and gradually adjust “APC ADJ’ until 


oscillator ‘‘locks’’ as witnessed by a sharp increase in ACC 
output voltage between terminal Nos. 15 and 16. 


. Turn S2 to “OFF” and adjust capacitor Cp of crystal 


probe for maximum deflection on Ballantine Meter. 


. Switch Ballantine meter to ‘Amplifier’ position and read 


oscillator frequency on counter. 


. Repeat steps 2 — 5 with “APC ADJ” arm set to terminal 


No. 10 instead of to ground. 


CRYSTAL (3579545 MHz) 


BALLANTINE 
314 
AMPL. 


COUNTER 


92CS-17879 


Fig. 5 - Crystal probe for frequency measurements. 


CA3070, CA3071, CA3072 Types 


CA3071 Chroma Amplifier 


The CA3071 is a combined two-stage chroma amplifier and 
functional control circuit. The input signal is received from 
the video amplifier and applied to terminal No. 2 of the 
input amplifier stage. The first amplifier stage is part of the 
ACC system and is controlled by differential adjustment 
from the ACC input terminal Nos. 1 and 14. The output of 
the Ist amplifier is directed to terminal No. 6 from where 
the signal may be applied to the ACC detection system of 
the CA3070 or an equivalent circuit. The output at terminal 
No. 6 is also applied to terminal No. 7 which is the input to 
the 2nd amplifier stage. Another output of the 1st amplifier 
at terminal No. 13 is directed to the killer adjustment circuit. 


SUBSTRATE 


3 7 6 
ALL RESISTANCE VALUES AREIN OHMS 


The dc voltage fevel at terminal No. 13 rises as the ACC 
differential voltage decreases with a reduction in the burst 
amplitude. At a pre-set condition determined by the killer 
adjustment resistor the killer circuit is activated and causes 
the 2nd chroma amplifier stage to be cut off. The 2nd 
chroma amplifier stage is also gain controlled by the 
adjustment of dc voltage at terminal No. 10. The output of 
the 2nd chroma amplifier stage is available at terminal No. 9. 
The typical output termination circuit that is shown, 


provides differential chroma drive signal to the demodulator 
circuit. Both amplifier outputs utilize emitter-followers with 
short-circuit protection. 


7 PICL-17486R) 


Fig. 6 -Schematic diagram for CA3071. 


ELECTRICAL CHARACTERISTICS, at Ta = 25°C 


CHARACTERISTICS 


SYMBOLS 


(Measure) 


Static Characteristics 


Voltages 
Bias Reference Terminal S1 Open, S2 Open 


Amp! No 1 Chroma 


Output Balanced 
Unbalanced 


Amp! No 2 Chroma 
Input 

Ampl. No 2 Chroma 
Output 


Supply Current S1 Open, S2 Open 


Dynamic Characteristics 


10% Chroma Gain Control 
Reference Voltage 


Output 
$1 1n Position 2 


SPECIAL TEST CONDITIONS CA3071 
Tve. 


S1 Open, Sz Open ee 
51 Open Clos 


$1 Open, S2 Open 
"1 eet S2 ais 


CURVES 
& TEST 
CIRCUITS 


jew | vv. 


175 


fee 
31 


Eg : SO MVRMS, adjust Chroma 
Gain Control to Change vg to 
10% of Maximum Chroma 


Eg - 50 MVRMS, adjust ‘Killer 
Adjust’ for an abrupt decrease 


Eg : 50 mVRMS, adjust Chroma 
control to min Chroma Output 


Bandwidth. 
Amplifier No. 1 


Amol. No. 1 Input 
Impedance 


Amol. No. 1 Output 4 
Impedance eo 


Ampl. No 2 Input 
Impedance : 

Ampl. No. 2 Output 
Impedance 


NOTES. 


I. 


2. 


* With reference to 
terminal No. 4 and 
with +24 V on terminal 
No. 8 except for the 
rating given for terminal 
No. 8. 


MAXIMUM RATINGS, Absolute Maximum-Values at Ta = 25°C 


DC Supply Voltage ( lerminal 8 


to Terminal 4)... eee ee eee 30 voc 
Device Dissipation: 
Upto TA=+70°C ............00-- 530 mW 


Above TA =+70°C .... Derate Linearly at 6.7 mw/°C 
Ambient Temperature Range: 


Operating ...............- —40 to +85 Cc 

Storage sich ee Naka wees —65 to +150 zc 
Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) 

from seating plane for 10s max. ...... +265 *C 


Maximum Voltage and Current Ratings @ Ta = +25 °C 


Current Voltage* 


MIN 
VOLTS 


MAX 
VOLTS 


Terminal 
No. 


+ [+ 
+ 


+ 


3.3KQ 


+10V 
CA3071 


92CS-17580RI 


Fig. 7 - Static characteristics test circuit~CA3071. 


+24V 


KILLER AOJUST 
10K 


9 pF 


SWITCH Si IN POSITION | UNLESS OTHERWISE NOTED 
IN TABLE OF DYNAMIC CHARACTERISTICS 


CHROMA GAIN CONTROL SET TO GROUND UNLESS OTHERWISE 
NOTED IN TABLE OF DYNAMIC CHARACTERISTICS 


3. ALL RESISTANCES IN OHMS 


4. ALL CAPACITANCES ARE IN MICROFARADS UNLESS OTHERWISE 
SPECIFIEO 


92CM-1758I 


Fig. 8 - Dynamic characteristics circuit-CA3071. 
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CA3070, CA3071, CA3072 Types 


+24V 


WOTE 
ALL RESISTANCES IN OnmS 


UNLESS OTHERWISE SPECIFIED, ALL CAPACITANCES 
ARE 1% MICROFARADS 
92Cm-17902 


Fig. 9 — CA3071 Wideband amplifier 
circuit. 


CA3072 Chroma Demodulator 


The CA3072 has two sets of synchronous detectors with 
matrix circuits to achieve the R-Y, G-Y, and B-Y color 
difference output signals. The chroma input signal is applied 
to terminal Nos. 3 and 4 while the oscillator injection signal 
is applied to terminal Nos. 6 and 7. The color difference 
signals, after matrix, have a fixed relationship of amplitude 


and phase nominally equal dc voltage levels. The outputs 
of the CA3072 are suitable for driving high level color 
difference or R, G, B output amplifiers. Emitter-follower 
output stages used to drive the high level color amplifiers 
have short-circuit protection. 


MAXIMUM RATINGS, Absolute Maximum-Values at Tq = 25° C 


DC Supply Voltage (Terminal 8 to Terminal 14)....... 1.4.27) ~NV 
Reference Input Voltage. ... 0.0.0.0... cece ee eee eee 5 Vp-p 
Chroma Input Voltage. . 0.0... eee ees 5 Vp-p 
Device Dissipation: 

UP to Ta 4709. . ccc cece ee eee ee ee eee 530 mW 


Above Ta =+70°C .......... 
Ambient Temperature Range: 


Operating .......... 0.0 cc eee cece eens 40 to +85°C 

Storage: 2noG eee shes Sods Seo een -6 to +150°C 
Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) from seating plane 

for TOS max .... 0... eee cc eee +265°9C 


Maximum Voltage and Current Ratings 
at Ta = +250C 


Voltage* 


Terminal MIN MAX 
No. VOLTS ;VOLTS 
+5 


ee ee 
ee eo 
ba 205 | 


*With reference to terminal No. 14 and 
with the voitage between terminal No. 8 
and terminal No. 14 at +24 V except as 
given in rating for terminal No. 8. 


92CS~17585 


Fig. 13 — Static characteristics test circuit~CA3072. 
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AMBIENT TEMPERATURE (Tg)! 25°C 

GAIN AND KILLER CONTROLS SULLY CLOCK WISE 
FOR FREQUENCIES UP TO 15 MHz, NETWORK 
LOSS © 6 4@ (TERMINAL Nos 6-7) 


| AMPLIFIER No J 
of (TERMINAL Nos 2-6) 
2 


a. 
AMPLIFIER No 2 = 
i celta Te oe Sela 


* 100 
FREQUENCY — MHz 
92CS-17503 


INPUT MILLIVOLTS (RMS) 


9203-17566 


Fig.10-—- Frequency response for 


wideband amplifier CA3071. Fig. 11 — Typical CA3071 wideband 


amplifier linearity 
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Fig. 12 — Schematic diagram for CA3072. 
ELECTRICAL CHARACTERISTICS, at Ta = 25° C and V* = +24 V unless otherwise specified 


LIMITS 
CA3072 


TEST 
UNITS | ciRcuITS 


CHARACTERISTICS 


SYMBOLS SPECIAL TEST CONDITIONS 


Static Characteristics 


Supply Current 
With Output Loads T S1 Closed 


| 
G-Y, R-Y, B-Y Outputs Vg, V11. V13 | Sq Closed 13.2 | 14.7 
wave [S10 Sid - ‘| 


pe ee) 
= 
Q 


N 
i 
a 


Maximum Coior Difference 
Output Voltage 


Chroma Input Sensitivity 
Relative R-Y Output 
Relative G-Y Output 


IVgl — 1V 441 
Val — 1V 43! 
Vaal —1V 73) 


Adjust e, for 5.0 Vp-p @ term 
No. 13 (B-Y) 


Pi) 
; wW 
N18 


Voc Difference Between 
any two Output Terminals 


aa 


Input Impedance 
Reference Subcarrier inputs 


Input Impedance at 
Chroma Inputs 


Output Resistance 


a 
2 
pF 


*24V 


WOTE: 
EN IN oF 
REF. SUBCARMIER ALL CAPACITORS GIV 
GEN. ADJUSTED FOR WWelsivzi- Lovee UNLESS OTHERWISE NOTED. 


ALL RESISTANCES IN COMMS. 
92CM-17506RI 


Fig. 14 .- Oynamic characteristics test circuit for CA3072. 


(PHASE SEPARATED BY 104° 


Application information 


TYPICAL APPLICATION CIRCUIT FOR THE CHROMA 
SYSTEM 


The circuit of i9.15; is a complete signal processing system 
for color TV. The RCA types CA3070, CA3071 and CA3072 
monolithic integrated circuits are respectively used as the 
subcarrier regenerator, chroma amplifier, and chroma 
demodulator. 


The input to the system is the chroma signal which may be 
taken from the first or second video stage and is coupled into 
the CA3071 chroma amplifier through a bandpass filter. The 
outputs from the system are the color difference signals 
which are intended to drive high level amplifiers. Luminance 
mixing may be external to the picture tube or, the difference 
signals may be amplified and applied to the picture tube grid 
or cathode, where they are internally mixed with the 
luminance signal. 

Other input requirements to the system are the power supply 
voltage of +24 volts and the horizontal keying pulse. The 
power supply voltage should be maintained within +3 volts 
of the recommended vaiue of +24 volts. The total current for 
the system is approximately 70 milliamperes. The horizontal 
keying pulse input to the subcarrier regenerator is approxi- 
mately +4 volts peak and centered on the burst as seen at 
terminal Nos. 13 and 14 of the CA3070. The pulse width 
should be maintained as close as possible to the recom- 
mended value of 4.5 microseconds. 


CA3070 Circuit Operation 


The CA3070 circuit as shown in Fig. 2, consists of an 
oscillator, automatic phase contro! (APC) detector, auto- 
matic chroma control (ACC) detector, gated oscillator 
output amplifier and a shunt regulator. The shunt regulator 
provides the necessary bias stability for the 3.579545 MHz 
oscillator, as well as the bias to all functions of the CA3070 
circuit. The regulation voltage is nominally +12 volts as 
measured at terminal No. 10. 

The APC and ACC detectors are synchronous detectors 
which are keyed by the horizontal input pulse. This form of 
detection eliminates the need for a burst separator as an 
individual amplifier stage. When a positive pulse is present at 
terminal No. 4, the oscillator output is cutoff and the 
oscillator drive signal is diverted to the APC and ACC 
detectors. Referring to Fig. 2, the APC detector (Og & Q10) 
and the ACC detector (Qs & Og) are emitter driven from the 
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Fig. 16(a) - CA3070 terminal No. 1 
7.5 V oscillator “gate off” pulse. 
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Fig. 15 - Typical chroma system for color-TV receivers utilizing RCA-CA3070, CA3071, and CA3072. 


oscillator transistor (Q47), when the oscillator output ampli- 
fier transistors (Q2 & Q3) are cutoff. The chroma signal is 
applied to terminal Nos. 13 and 14. There is oscillator 
current drive to the APC and ACC detectors during the 
keying interval; burst separation is effectively accomplished 
by the gating action of the detectors. A further advantage of 
the keying action is the high gain made possible as a result of 
the low average current flow of the APC and ACC detectors. 
High resistor values of 62 kilohms at the detector output 
terminals provide proper detector bias consistent with the 
duty factor of the keying pulse. For a wider keying pulse, it 
is necessary that smaller values of detector load resistors be 
used. 


In the absence of the keying pulse (line period), the resistor, 
R20, biases the oscillator’s output amplifier transistors (Qa & 
Q3) on by keeping their emitters at a higher potential than 
the base bias voltages of Qs, Og, Qg, and Q7i9. The 3.58 
MHz signal is now present at terminal Nos. 2 & 3. 
Photographs of oscilloscope traces for one line period at the 
terminal Nos. 1, 2, and 3 are shown in Fig.16 The effect of 
the keying pulse is shown in Fig.16a, and the cutoff of the 
oscillator output amplifier is shown in Fig.16(b) and 16c. 


The oscillator section of the CA3070 consists of the loop 
formed by Q7g and the emitter driven differential pair, Q73 
& Q14. The signal output from termina! Nos. 7 & 8 is 
coupied through the series tuned crystal circuit back through 
terminal No. 6 to Q16 & Q47. The collector of Q77 drives 
the oscillator output amplifier and the APC & ACC de- 
tectors. Q17 is emitter coupled to transistor Qyg. The 
oscillator frequency and phase control is accomplished by 


Fig. 16(b) -CA3070 terminal No. 2, 3.5 Vp-p oscillator 
output; one horizontal fine, (gated off during burst). 


the differential drive from the APC detector to transistors 
Q12 & Q15 which contro! the balance of Q73 & Q14. The 
resulting phase of the feedback loop is determined by the 
relative amplitudes of the oscillator output signa! at terminal 
Nos. 7 and 8. The 65 pF capacitor between terminal No. 7 
and 8 provides the phase shifting component .as the balance 
of Q43 and Q4q is varied. In this way the APC detector 
controls the crystal frequency at which the phase shift is 
cancelled in the feedback loop. 


The controls for the CA3070 subcarrier regenerator circuit 
are the APC balance, the ACC balance, and the hue control. 
The hue contro! is a dc balance adjustment of the oscillator 
output amplifier transistors Q2 & Q3. A phase delay network 
between the output terminals Nos. 2 & 3 determines the 
range of the hue control, which for the value shown in Fig. 
15, is approximately 90°. 


The ACC adjustment sets the initial balance of the ACC drive 
to the input of the CA3071 in Fig. 15 (terminal Nos. 1 and 


14 of the CA3071). The APC is a frequency adjustment of 
the oscillator through the balance control of the APC 
detector. 


As a setup adjustment, for both the ACC and APC, switcn S1 
is opened and S2 is closed. The chroma input to the system is 
removed and the dc voltage at terminal No. 6 of the CA3071 
is noted. The switch S2 is then opened and the ACC adjusted 
to set the voltage at terminal No. 6 to that previously noted. 
Alternatively, the differential dc voltage at terminal Nos. 15 
& 16 of the CA3070 may be set to O mV (£2 mV) when S1 
and S2 are open, and the CA3071 is removed. from the 
circuit. 


Fig. 16(c) - CA3070 terminal No. 3, 2.0 Vp-p oscillator 
output, oe horizontal line, (gated off during burst). 
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CA3070, CA3071, CA3072 Types 


With the chroma signal still removed, the APC adjustment 
sets the frequency of the oscillator to 3.579545 MHz. Due to 
the gated off interval, a counter will not accurately record 
the frequency at the oscillator output amplifier terminals. 
Two simple and accurate methods are as follows: (1) a 
buffered crystal filter circuit, connected to the oscillator 
output amplifier terminals wifl continue: to ring and fill 
the gated off window providing the proper interface to a 
counter; (2) the other method involves monitoring the 


demodulated output at the color difference output terminals 
of the CA3072. A zero beat signal, at the color difference 


outputs may be seen on an oscilloscope. 


When these adjustments are made, similar oscilloscope traces 
should be seen as shown in Fig. 17. 


CA3071 CIRCUIT OPERATION 


The CA3071 Is the basic amplifier and control circuit of the 
chroma system. It contains the gain control functions of the 
ACC loop, the color killer, and the de chroma gain control. 
The CA3071 is a wide band amplifier having two stages of 
voltage gain. Curves of frequency-response and linearity are 
shown in Figs. 10 & 11 for the wideband circuits shown in 
Fig. 9. This is the same basic amplifier as the one in the 
system shown in Fig. 15 except for the omission of the tuned 
circuits and the ACC loop connection. The amplifiers have 
bandwidths of greater than 10 MHz, and are usable well 
beyond 30 MHz. The signal swing of the wide band amplifier 
is in excess of 5 Vp-p: even with the typical load coupling as 
shown in Fig.15. Fig. 18 (a, b and c) show the oscilloscope 
traces for an NTSC signal at the chroma input. The overall 
frequency-response curves are shown in Fig.19. 


CA3071 operation is as follows (Refer to Figs. 6 &15), The 
input chroma signal is applied to terminal No. 2. This signal 
is amplified in a cascode differential circuit from Qi9 to Q12 
and the output is an emitter follower, Q14q4 (Terminal No. 
6.) The signal is divided in the Qg & Qj? differential 
amplifier, depending on the applied ACC error signal ampli- 
tude at terminal Nos. 1 & 14. The ACC error signal. is de- 


rived from terminal Nos. 15 & 16 of the CA3070 and after 
filtering, is applied to terminal Nos. 1 & 14 of the CA3071. 


At low signal drive, the 390 kilohm resistor at switch S1 
(normally clased) unbatances the differential amplifier for 
high signal gain through Q12.. As the burst level at the 
chroma input increases, the ACC drive changes differentially 
in a positive direction at terminal No. 14 and.a negative 
direction at terminal No. 14 and a negative direction 
at terminal No. 1. At strong signal levels the gain is 
reduced by diverting the balance of ac current in the 
differential amplifier from Q42 to Qg, which is shunted to 
ac ground at terminal Nos. 12 and 13. The ACC loop is 
completed through the chroma signal at terminal No. 6 of 
the CA3071 to terminal No. 14 (input) of the CA3070. A 
typical ACC characteristic is shown in Fig. 23. 


The chroma signal is buffer connected from terminal No. 6 
to terminal No. 7 of the CA3071 and is amplified in the 2nd 
stage of voltage gain. Both the color ki!ler adjustment and the 
dc chroma gain control are applied to the 2nd stage to 
control the chroma output at terminal No. 9. The color killer 
section of the CA3071 is a Schmitt trigger & amplifier circuit 
consisting of transistors Qy, Q2 and Q3. Under maximum 
chroma output conditions, the diode D2 is reversed biased, 
and the signal path is through Qy5, Qq and Os to terminal 
No. 9. When the color killer circuit is actuated, or the 
chroma gain control is adjusted to a higher positive voltage at 
terminal No. 10, the anode voltage of diode D2 is increased 
to draw current from the signal path at the emitter of Qq. 
This decreases the. chroma gain as the potential at terminal 
No. 10 is increased. When the potential at terminal No. 10 
is the same as terminal No. 8, the emems cures at terminal 
9 is cutoff. | , 

The color killer circuit pravicles an abrupt voltage swing at 
the anode of D2 to cutoff the chroma output when the 
Schmitt trigger circuit is forward biased at terminal No. 13. 
In the circuit of Fig. 18, the color killer adjustment is a 
resistance divider circuit which establishes the threshold of 
burst level at which the killer operates the chroma amplifier. 
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CA3072 CIRCUIT OPERATION 


The CA3072 is a chroma demodulator having full color 
difference signal demodulation capability. The chroma signal 
is applied to terminal Nos. 3 & 4 and the reference subcarrier 
signal is applied to terminals Nos. 6 & 7 of the CA3072. 
The output color difference signals are B-Y at terminal 
No. 13, R-Y at terminal No. 11, and G-Y at terminal No. 9. 
The typical level of differential chroma drive required at 
terminal Nos. 3 & 4 is 400 MVp.p. The amplitude of 
chroma at terminal No. 6 & 7 is approximately 1.0 voit at 
104° relative phase difference which results in a B-Y output 
amplitude of 5Vp.-p. The voltages of the R-Y & G-Y outputs 
are at 3.8 and 1.0 Vp-p respectively, when there is 5Vp-p 
output at B-Y. These comparative signals are based upon a 
complete phase rotation of the chroma relative to the 
subcarrier signal reference. The relative demodulation phase 
and amplitude ratios of the Fig.15 circuit are shown in the 
oscilloscope trace photographs of Fig. 21. Using the hue 
control setting for B-Y phase at the B-Y output, the G-Y 
color-difference signal is approximately —104° and the R-Y 
color-difference signal is approximately +106°. Since the 
amplitude ratios are a function of the applied signal phase 
relationship, the NTSC color difference output signals are 
shown here primarily for phase reference conditions. 


CHROMA SYSTEM CONSTRUCTION 


Fig. 25 shows the complete CA3070, CA3071 and CA3072 
chroma system in the Fig. 18 circuit. Table ! lists the dc 
terminal voltages for the system. The chroma gain and hue 
controls, as well as the switches S1 and S2 are removed. The 
template circuit board layout is also shown for duplication 
purposes. It should be noted that a few component values are 
modified in Fig. 18 from the dynamic circuit values of the 
data sheet. These are necessary for system matching and 
overall filter requirements. 


Fig. 17(a) -CA3070 terminal No. 6, oscillator waveform 
1.1 Vp.p 3.58 MHz. . 


i 17(b)- CA3070 terminal No. 7, oscillator waveform 


Fig. 17 (Ce) cA3070 terminal ‘No. 8 oscillator gacione 


Fig. 18(a) - CA3071 chroma input 1.25 Vp-p; one horizontal 


line of NTSC input signal. 


Fig. 78(b) -CA3071 terminal No. 6, amplifier No. 1 chroma 
output 2.3 Vp-p; one horizontal line for 1.25Vp.p chroma 


input 


Fig. 18(c) -CA3071 terminal No. 9, amplifier No. 2 chroma 


output 5.5 Vp-p, one horizontal line for 1. 25 Vp-p chroma 
input 


Fig. 19(a) - Frequency response Sweep curve between 
terminal Nos. 2 & 6 for CA3071. f = 250 KH2/div. 


Fig. 19(b) -. Frequency response sweep curve between 
terminal No. 2 of CA3071 and terminal No. 3 of CA3072. 
f = 250 K Hz/div. 


AMBIENT TEMPERATURE (Ta) 25°C 
] a ‘ 
ara 


TERMINAL No6 PEAK-TO-PEAK MILLIVOLTS (veg) 
TERMINAL No.6 DC VOLTS (Ve) 


500 750 1000 1250 1500 
NTSC CHROMA INPUT SIGNAL—mVp-p 92CS-17572 
Fig. 20- Typical ACC characteristics for chroma system 
of Fig. 18 


CA3070, CA3071, CA3072 Types 


Fig. outa) -CA3072 - terminal No. 3 or 4, chroma input Fig. 21(b)- Pech pa ae ne ike oe Fig. 21(c) - CA3072 terminal No. 13, 4.8 vp.p B-Y output, 
signal, 220 1mVp-p,one horizontal line subcarrier 1.2V,_5, one horizontal line Bhs darioned like 


Fig. 21(d) - CA3072 - terminal No. 11, 5.2 vp.p R-Y output, Fig. 21(e) - CA3072 - terminal No. 9, 1.2 vp.p G-Y output, 
one horizontal line one horizontal line 
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CA3088E 


AM Receiver Subsystem 


Includes: AM Converter, IF Amplifiers, Detector and Audio Preamplifier 
For Applications in'a Variety of AM Broadcast and Communications 


Receivers and Applications Requiring an Array of Amplifiers 


Features: 
® Excellent overload characteristics 
® AGC for IF amplifier 


® Buffered output signal for tuning 
meter 


@ Internal Zener diode provides voitage regulation 
= Two IF amplifier stages 
® Low-noise converter and first IF amplifier 


® Low harmonic distortion (THD) 

Delayed AGC for RF amplifier 

# Terminals for optional inclusion 
of tone control 


® Operates from wide range of power supplies: V+ = 6 to 
16 volts 

@ Optional AC and/or DC feedback on wide-band amplifier 

Array of amplifiers for general-purpose applications 

® Suitable for use with optional external RF stage, either 
MOS or bipolar 


RCA-CA3088E", a monolithic integrated circuit, is an AM 
subsystem that provides the converter, IF amplifier, detector, 
and audio preamplifier stages for an AM receiver. 


The CA3088E also provides internal AGC for the first IF 
amplifier stage, delayed AGC for an optional external RF 
amplifier, a buffer stage to drive a tuning meter, and 
terminals facilitating the optional use of a tone control. 


Fig. 2 is a functional diagram of the CA3088E. The signal 
from the low-noise converter is applied to the first !F 
amplifier and is then coupled to the second IF amplifier. 
This IF signal is then detected and externally filtered. The 
resultant audio signal is applied to an audio preamplifier. 
Optionally, a tone control circuit may be connected at the 
junction of the detector circuit and the audio preamplifier. 
The gain of the first IF amplifier stage is controlled by an 
internat AGC circuit. The CA3088E supplies a delayed 
AGC signal output for use with an external RF amplifier. A 
buffered output signal is also available for driving a tuning 
meter. A DC voltage, internally regulated by a Zener diode, 
supplies the second IF amplifier, the AGC and tuning meter 
circuits and may also be used with any other stage. 


The CA3088E features four independent transistor amp- 
lifiers, each incorporating internal biasing for temperature 
tracking. These amplifiers are particularly useful in general- 
purpose amplifier, oscillator, and detector applications ina 
wide variety of equipment designs. 


"Formerly Developmental Type TA5842. 


Ovtsi2v 


92CS-19068 


Fig.1—Test circuit for OC characteristics. 
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MAXIMUM RATINGS, Absolute Maximum Values, at Tq = 259C 
DC SUPPLY VOLTAGE: 


Across Term. 5 and Terms. 3, 6, 13, 16, respectively... ...... 00002 cee eee eee 16 Vv 
DC CURRENT: 

At Terms. 3, 6, 13, 16, respectively 2.0... ce ee ee tee tee tees 10 mA 

OTe 107 ES | © Rome Re ge mR PTI EE A EE EC Te Rae mer ae eRe mec ar oe eer ee 30 mA 
DEVICE DISSIPATION: 

Up to Ta = 50°C ee et eee eee cet e ene ees 760 mw 

Above Ty =500C oie cee teen teenie nes derate linearly 7.6 mWw/°C 
AMBIENT TEMPERATURE RANGE: 

Operating. 2 occ tee ete eae Pa BSA nal See Saree 4 —55 to +125 °C 

Storage. este eae eee We sede SME LG Be RE a een nate tnt ts —65 to +150 °C 
LEAD TEMPERATURE (During soldering): 

At distance not less than 1/32” (0.79 mm) from case for 10 seconds max. +265 °C 


The CA3088E is supplied in the 16-lead dual- in-line plastic package. 
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Lt 92CM-1907iRt 
Fig.2—Functional block diagram of the CA3088E. 
CONVERTER 
INPUT BY-PASS IST IF AMPLIFIER ree we 
ONVERTER INPUT OuT- AMPLIFIER 
: MERTENS) C) @) ©) put @) INPUT 9) 
CONVERTER Q, 
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ALL RESISTANCE VALUES 
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Ri7 
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AGC AUDIO INPUT 
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92CS- 19069 


Truter 


Fig.3—Schematic diagram of the CA3088E. 


TYPICAL ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 


Static (DC) Characteristics 


DC Voltages: 
Terms. 1, 4, 9, 11 
Terms. 2,7,8 


p= HR 


V1,4,9, 11 


DC Current: 
Term. 


Dynamic Characteristics 
Detector Output 

Audio Amplifier Gain 
Audio Distortion 


mn 


Sensitivity: 
At Converter Stage !nput 
At RF Stage Input 


Total Harmonic Distortion THD 


Input Resistance: 
At Transistor Q1 


At Transistor Q5 No AGC, 


Input Capacitance: 
At Transistor 01 
At Transistor Q5 


Feedback Capacitance : 
At Transistor O1 
At Transistor Q5 


30% Modulation 
VouT = 100 mv 


fin = 1 MHz 
Signal-to-Noise Ratio (S/N) = 20 dB 


30% Modulation 


Input signal frequency 
(fin) = 1 MHz 


TEST CONDITIONS 


TYPICAL UNITS 
VALUES 


> 


3 3 4 <}| <j) < fe 


o 


The typical characteristics for the CA3088E are intended for guidance purposes in evaluating this device for equipment design. 


LE} 


e 

Q= RCA: 40641 (DUAL GATE-PROTECTEO MOS/FET) 
ALL RESISTANCE VALUES ARE IN ORMS 

ALL CAPACITANCE VALUES ARE IN MICROFARAOS 


VOL UME 
— 25 = 
METER AUDIO © “5 auoio 
PREAMPL t —— 
ORINEN OuTPuT 
6800 
© G) (6) 5800 
TUNING 50 FF ISV 
METER 


10 1500 


92CS -19065AR1 


Fig.4—Typical AM broadcast receiver using the CA3088E with optional RF amplifier stage. 


CA3088E 
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ue ee 
FM iF System ALL RESISTANCE VALUES ARE IN OHMS + QUADRATURE . ae €:100 pF 
v INPL 
O 


*L TUNES WITH 100 pF (C) AT 107 MHz see 22 pH 
Qo = 75 (G.J. EX2274) OR EQUIVALENT.) 


TO INTERNAL 
REGULATORS (i!) 


Includes-——IF Amplifier, Quadrature Detector, 
AF Preamplifier, and Specific Circuits for AGC, 
AFC, Muting (Squeich), and Tuning Meter 


QUADRATURE 
DETECTOR 


For FM IF Amplifier Applications in High-F idelity 


Automotive, and Communications Receivers 


MUTING 


TUNING 


DELAYED MET SENSITIVITY 
AGC FOR clicge 
RF AMPL. ; 500 K 
0.33 uF 
C TO STEREO A 
THRESHOLD 
2 ae LOGIC CIRCUITS = S56M219042 Ai 

Features: 
® Exceptional limiting sensitivity: Block diagram of the CA3089E. 


12 nV typ. at —3 dB point 
@ Low distortion: 0.1% typ. 


(with double-tuned coil) The CA3089E is supplied in the 16-lead dual-in-line plastic package. 
® Single-coil tuning capability 


® High recovered audio: 
400 mV typ. 

® Provides specific signal for 
control of interchanne! muting 
(squetch) AMPLIFIER 

® Provides specific signal for 
direct drive of a tuning meter 


® Provides delayed AGC voltage for RF amplifier 
@ Provides a specific circuit for flexible AFC 
® Internal supply-voltage regulators 


RCA-CA3089E is a monolithic integrated circuit that provides a 
all the functions of a comprehensive FM-IF system. Fig. 1 is 

a block diagram showing the CA3089E features, which include 

a three-stage FM-IF amplifier/limiter configuration with level 

detectors for each stage, a doubly-balanced quadrature FM 

detector and an audio amplifier that features the optional use 

of a muting (squelch) circuit. 

The advanced circuit design of the IF system includes 

desirable deluxe features such as delayed AGC for the RF 

tuner, an AFC drive circuit, and an output signal to drive a 

tuning meter and/or provide stereo switching logic. In 

addition, internal power supply regulators maintain a nearly iF 
constant current drain over the voltage supply range of +8.5 ~ 
to +16 volts. 


The CA3089E is ideal for high-fidelity operation. Distortion 
in a CA3089E FM-IF System is primarily a function of the © 
phase linearity characteristic of the outboard detector coil. 
INPUT 
BY- 
PASSING 


&) 


O 
3002 
INPUT 

O 


3 


ALL RESISTANCE VALUES ARE IN OHMS 
#* WALLER 4SN3FIC OR EQUIVALENT a 
#® MURATA SFG 107 MA OR EQUIVALENT 
© L TUNES WITH IOOpF (C) AT 10.7 MHz 

Qo UNLOADED?75 (G.I EX22741 OR EQUIVALENT) 


92CS8-19045 


AGC FOR ; TUNING 
(5) RF AML, (3) METER 


Performance data at f, = 98 MHz, fuop = 400 Hz, 
Deviation = 75 kHz: 
-3dB Limiting Sensitivity ..... 2uV (Antenna Level) LEVEL DETECTOR & METER CIRCUIT 
20dB Quieting Sensitivity ..... 1pnV (Antenna Level) 
30dB Quieting Sensitivity ... . 1.5 (Antenna Level) 


Fig..2:Schematic diagram of the CA3089E. 


Fig. 1- Typical FM tuner using the CA3089E with a single-tuned 
detector coil. 
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CA3089E 


MAXIMUM RATINGS, Absolute Maximum Values, at Tq = 25°C 
DC Supply Voltage: 


Between Terminals tland4 .. 0.0.2... ee 16 V 
Between Terminals 11 and 14... ....0.0..0 0000000 eee ee eee eee 16 Vv iat a 
. SIGNAL = 
DC Current (out of Terminal 15) 2... ee ee ee 2 mA INPUT OOlMF 
: as . VOLTAGE (1) AFC OUTPUT 
Device Dissipation: 
Upto TAS 60 CO! 2 rat tia tee ee hh coh Be ee eR eS 600 mW 
Above Ta = 60°C : p 27K 
ve TA este Bi Me ete Sopa ey ceed he ben hte Beet SO ek dy ein oe Mek et derate linearly 6.7 mW/°'C @ CA3089E AUDIO 
AmbientTemperature Range: 0.01 ne 
. F 7 
Operating. 20 ee ee ee ee) 85 t0 +125 26 oozt |” 
SlOMige ict ols ma aatite eme a Vee Cote Ya tea ISO 2¢ gee 
Lead Temperature (During Soldering): 
At distance not less than 1/32” (0.79mm) from case for 10 seconds max. ......... +265 % ee 
; 150 pA 
‘ FULL 
4. SCALE 
ALL RESISTANCE VALUES ARE IN OHMS 
*L TUNES WITH (00 pF (C) AT 10.7 MHz 
Qo (UNLOADED) @ 75 (G I AUTOMATIC MFG DIV. EX22741 OR EQUIVALENT) 
92CM-I19040R 
Fig.3-Test circuit for CA3089E using a single-tuned detector 
JADRAT coll. 
@ eur eas © @®our @** 
“a” ey -— ee 
DETECTOR pea ee AGnO ee 
R33 32 AMPLIFIER. Tae 
500 500 Rig Ras \ 
500 500 . - 
v" sl2Vv > | 
' 
46 Qs3 | 
a : 
SIGNAL 
<l inpuT Ol MF @)AFC OUTPUT 
VOLTAGE 


Rao Rai 


V 
O26 Q34 500 500 


AUDIO 


CA3089E 
OUTPUT 


Res 
300 


150 pA 
FULL ~ 
SCALE 


TUNING METER(/) 


ALL RESISTANCE VALUES ARE IN OHMS 


vt * T: PRI, -~Qg(UNLOADEO) & 75(TUNES WITH 100 pF (CI) 20t OF 34¢ ON 7/32" DIA FORM 
SEC -Qo(UNLOADED) & 75 (TUNES WITH 100 pF (C2) 201 OF 34e ON 7/32" DIA FORM 
«Q(PER CENT OF CRITICAL COUPLING) & 70 % 


(ADJUSTED FOR COIL VOLTAGE Vc )=I50 mV 
ABOVE VALUES PERMIT PROPER OPERATION OF MUTE (SQUELCH) CIRCUIT 


MUTE “E" TYPE SLUGS, SPACING 4mm 
R39 R43 CONTROL 92CM-19041R: 
500 500 . bare . 
Fig.4-Test circuit for CA3089E using a double-tuned detector 
coil. 
Q47 - 
~) AFC 
OUTPUT 
(7) DC VOLTAGE SUPPLY Vv? =i2V 
Pe us | AMBIENT TEMPERATURE (Ta): +25°C 
0 z TEST CIRCUIT - SEE FIG.3 
6 
a RECOVERED AUDIO FROM FULL OUTPUT 
a (LEFT CO-ORDINATE) 
Be 
%55 57 vs as 
= / | 
oz 
bas oe Sx TUNER AGC DC VOLTAGE AT za 
>< pl 
500 500 <2 aa re 
> 
2% an 
"e” V V AFC AMPLIFIER wa 
Se Be a 
oF 
ws 
bak) 
. oO 
z 
FRAME (4) SUBSTRATE rE 
= 
a V 
“Ff” 
92ecsS- 19990 
ALL RESISTANCE VALUES ARE IN OHMS 
40 : ALL CAPACTANCE VALUES ARE IN PICOFARADS 
MUT 
(2) LoGcic : 7 P : 
‘7 Fig.5-Muting action, texer AGC, and tuning meter output as a 


MUTE ORIVE function of input signal voltage. 


Fig.2-Schematic diagram of the CA3089E. 
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CA3089E 


ELECTRICAL CHARACTERISTICS, at Ta = 250C, Vt = 12 Volts 


TEST CONDITIONS LIMITS 


Static (DC) Characteristics 
Quiescent Circuit Current 
DC Voltages: 

Terminal 1 (IF Input) 


Terminal 2 (AC Return to Input) No signal input, 


Terminal 3 (DC Bias to Input) Non muted 
Terminal 6 (Audio Output) 
Terminal! 10 (DC Reference) 


Dynamic Characteristics 


= 10.7 MHz, 


Total Harmonic Distortion: * 
Single Tuned (Term. 6) fmod. = 400 Hz, 


Deviation = 
+75 kHz 


“ THD characteristics are essentially a function of the phase characteristics of the network connected between terminals 8, 9, and 10. 


DC POWER SUPPLY (V*) #12 V 
AMBIENT TEMPERATURE (T,)# 25°C 


CURRENT INTO TERMINAL 7--yA 


-100 -50 oO 50 too 
CHANGE IN FREQUENCY (At)—kHz 
92CS -190435 


Fig.6-AFC characteristics (current at Term. 7 as a function of 
change in frequency). 


mem CA3089 IFs 


92CS-30376 


a) Bottom view of printed-circuit board. | b) Component side — top view. 


CA3089E and outboard components mounted on a printed-circu/t board. 
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Stereo Multiplex Decoder 
For FM Stereo Multiplex Systems 


RCA-CA3090A0 , a monolithic silicon integrated circuit, is a 
stereo multiplex decoder intended for FM multiplex systems. 


The CA3090AQ is the successor to the CA30900; it offers 

three major advantages over the CA30900 as follows: 

1. Can directly drive a stereo indicator lamp with a current 
drain of up to 100 mA. 


2. Stereo Defeat/Enable control-voltage specifications. 
3. Capable of operation with lower distortion. 


This stereo multiplex decoder requires only one low-inductance 
tuning coil {requires only one adjustment for complete 
alignment), provides automatic stereo switching, energizes a 
stereo indicator lamp, and operates from a wide range of 
voltage supplies. 


Figure 1 shows the block diagram for the CA3090AQ. The 
input signal from the detector is amplified by a low- 
distortion preamplifier and simultaneously applied to both 
the 19-kHz and 38-kHz synchronous detectors. A 76-kHz 
signal, generated by a local voltage-controlled oscillator 
(VCO), is counted down by two frequency dividers to a 
38-kHz signal and to two 19-kHz signals in phase quadrature. 


The 19-kHz pilot-tone supplied by the FM detector is 
compared to the locally generated 19-kHz signal in a 
synchronous detector. The resultant signal controls the 


OIVIDE DIVIDE 
t 1 


OIvIDE 
1 
BY2 By 2 
U9 keel 19 kKet 


BY 2 
(38 wre) 


POWER 
SUPPLY 
REGULATOR 


voltage controlled oscillator (VCO) so that it produces 
an output signal to phase-lock the stereo decoder with the 
pilot tone. A second synchronous detector compares the 
locally generated 19-kHz signal with the 19-kHz pilot tone. If 
the pilot tone exceeds an externally adjustable threshold 
voltage, a Schmitt trigger circuit is energized. The signal from 
the Schmitt trigger tights the stereo indicator, enables the 
38-kHz synchronous detector, and automatically switches 
the CA3090AQ from monaural to stereo operation. The 
Output signal from the 38-kHz detector and the composite 
signal from the preamplifier are applied to a matrixing circuit 
from which emerge the resultant left and right channel audio 
signals. These signals are applied to their respective left and 
right post amplifiers for amplification to a leve! sufficient to 
drive most audio amplifiers. 


The CA3090AQ may be used without the stereo defeat/enable 
function (see Fig. 6) if a control voltage for this function is not 
readily available. In this case, Terminal 4 should be grounded. 


The CA3090A0 utilizes the 16-lead quad-in-line plastic pack- 
age and operates over the ambient temperature range of 
—55°C to +125°C. 


SCHMITT 
TRIGGER 


RIGHT 
OuTPuT 


CA3090AQ 


® 
I 


i 
STEREO DEFEAT: 
ENABLE 


RESISTANCE VALUES ARE INOHMS 


COLLECTOR CURRENT FOR INDICATOR LAMP AT 
TERM. 12 (L¢)—mA 


t | 
Pi] 
10 
COLLECTOR-TO-EMITTER VOLTAGE { Vee)—V 
92CS-2¢551 


Fig. 3 — Indicator lamp characteristics (Ic vs. Vog). 


iA COMPOSITE SIGNAL 

(8) STEREO ENABLE SIGNAL 

1c) STEREO GATING SIGNAL 

(D1 OSFFERENCE SIGNAL 

L 12 V,106 nA. AMP 

C,.€2 PROVIDE PARTIAL DE ~EMPHASIS 


@ 1F IMPROVED SEAS ice, 
OVERLOAD CHARACTERSSTI 
ARE DESIRED, REPLACE THE 
0 O39pmF CAPACITOR WITH A 
SERIES LC NETWORK WHERE: 
. 4 7?mH ANDC OOS pF 


Fig.1 — Functional block diagram of the CA3090AQ. 


CA3090AQ 


V4 > 1.6 V TO ACTIVATE STEREO 
V4< 09 V TO DEACTIVATE STEREO 


92CS- 22552 


Fig. 4 — Test circuit for use with stereo defeat/enable. 


CA3090AQ 


Features: 

® Requires the use of only one low-inductance tuning coil 

® Automatic stereo switching 

® Directly drives a stereo indicator lamp up to 100 mA 

@ Includes driver for stereo-lamp indicator 

= Operates from a wide range of power supplies: 10 to 16 volts 
® Requires only one adjustment for alignment 

® Switching from monaural to stereo and stereo to monaural 


produces no audible thumps 

Low distortion: under 0.22% (typ.) 

Separate dc input permits stereo defeat or enable 
High signal output: directly drives audio amplifiers 
Exceilent SCA (storecast) rejection: 55 dB typ. 
High audio channel separation: 40 dB typ. 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta * 25°C 
DC SUPPLY VOLTAGE ......... 2... 16V 


CURRENT AT TERM, 12 . re: . 100mA 
INPUT SIGNAL VOLTAGE (COMPOSITE)® . 400 mV 
AMBIENT TEMPERATURE RANGE: 

Operating —55 to +125°C 

Storage. 2... ww ee ee —65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance not less than 1/32" (0.79 mm) 

from case for 10 5 max. . +265°C 


® For stereo operation, a minimum input signa! voltage (composite) of 
40 mV is required 


CA3090AQ 


92CS- 22550 


Fig.2 — Test circuit for DC characteristics. 


CA3090AQ 


92CS-22553 


Fig. 5 — Test circuit for use without stereo defeat/enable. 
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CA3090AQ 


ELECTRICAL CHARACTERISTICS 


TEST CONDITIONS LIMITS 


TERMINAL | T, = 25°C 

MEASURED | V+ = 12 V (unless 
AND specified otherwise) 

SYMBOL 


V6 feet wae seree at 
vt = 16V 127 


‘CHARACTERISTIC Typ. UNITS 


3 


Total Current (Terms. 9, 10, 11) ; 


DC Voltage: 
Term. 1 


Term. 6 (Indicator Lamp OFF) 
Terms. 9 and 10° 


8 | 
NO 


wWlow nN 
Pee erie ie 


a) 


nN 


> 

~N 
N 
es) 


Term. 12 (Indicator Lamp OFF) 


Voltage Differential (Term. 2—Term. 1) 


Current at Term. 12 (in actual use external circuit 
resistance (e.g. lamp should limit Term. 12 to the 
maximum rated value of 100 mA.) 


75 


3 


Dynamic Characteristics 


Channel Separation (L + R Reference) * 
Channel Balance (Monaural) 


Stereo/Monaural Gain Ratio*™ 
Indicator Lamp — Turn-ON Voltage 


Capture Range (Deviation from 76-kHz center 
frequency) 


Distortion (75-us de-emphasis) : 
2nd Harmonic 


3rd, 4th, and 5th Harmonic 


19-kHz Rejection 
38-kHz Rejection ; 


19-kHz pilot-tone @ Term. 1 


19-kHz pilot-tone 
voltage = 18 mV 


3 


Xx 


o) 


wo 


SCA (storecast) Rejection 
Stereo Defeat Voltage (V4) 
Stereo Enable Voltage (V4) 


* For stereo operation, test conditions require a composite 
stereo input signal (modulated at 1 kHz) including a 
19-kKHz (18 mV) pilot-tone signal. 


A 
° 
wo 


V N 
rep) 2 
= [= Jule lola + ° nn 
SRR PR OTS [E FR PEELS | 
se 


10kQ 


GSS SS CA3090AQ 
STERO 
GENERATOR 

INPUT RIGHT 
OUTPUT 


0.0075 pF 


ae RESISTANCE VALUES 
TEST NETWORK,TO ARE IN OHMS 
SIMULATE 148 
ROLLOFF AT 38 kHz t+ + 
DUE TO FM DETECTOR 


92CM- 22554 


Fig. 6 — Test circuit for measurement of dynamic characteristics. 


PILOT-TONE VOLTAGE LEVEL (AT !9kHz )— mV 


“CAPTURE AREA" 


OC POWER SUPPLY VOLTAGE 
(vt)elav 
LOOP FILTER CAPAC.*0.497pF 
(TERN. 14) 
MBIENT TEMPERATURE (Tq) 
* 25°C 


[CONDITIONS 
SUFFICIENT 
FOR 19- kHz 
PILOT- TONE TO 


th 


64 68 72 76 80 84 


VOLTAGE- CONTROLLED OSCILLATOR (VCO) FREQUENCY 
(NO PILOT TONE APPLIEO)— kHz 92€S -19086 


Fig. 7 — Pilot-tone voltage level vs. VCO frequency with no 


FILTER CAPACITANCE (Ci)— pF 


pilot-tone applied. 


DC POWER SUPPLY VOLTAGE (vt}:l2v 
AMBIENT TEMPERATURE (Ta) = 25°C 


[CONDITIONS 
SUFFICIENT 
FOR 19- kHz 
PILOT- TONE TO 
PHASE - LOCK 
("CAPTURE ") 


68 76 80 84 
VOLTAGE- CONTROLLED OSCILLATOR (VCO) FREQUENCY 
(NO PILOT TONE APPLIED)— kHz 93cs<19088 


Fig. 8 — Filter capacitance vs. VCO frequency with no 
pilot-tone applied. 


A—Foil side. 


8-—Component side. 


Fig. 9 — Photographs of the CA3090AQ and outboard components mounted on a 2 X 2h-inch 
printed-circuit board to constitute a complete stereo multiplex decoder. 
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TV Signal Processors 
(‘“Jungle” Circuits) 


For Color and Monochrome Receivers 


The RCA-CA3120E and CA3142E are mono- 
lithic silicon integrated circuit TV signal 
processors for use in color or monochrome 
receivers. These circuits provide low-imped- 
ance video output signals, stripped synchro- 
nization signals in both polarities, and AGC 
output signals for !F (reverse) and tuner 
(forward and/or reverse). 


The circuit designs of the CA3120E and 
CA3142E feature impulse noise inversion, 
delay techniques to reduce the deleterious 
effects of impulse noise in the receiver AGC 
and sync circuits. In addition, they in- 
corporate standard AGC strobing techniques. 
The AGC noise lackout circuit is deleted in 
the CA3142E. 


These devices are supplied in the 16-lead dual- 
in-line plastic package. 


Features: 


® Internal impulse noise processing 

m Sync separator — low impedance, 
dual polarity 

® Strobed AGC system = IF AGC output 

® Delayed outputs for forward or 
reverse AGC tuners 

= Automatic noise threshold and 
AGC detector level control 

@ High-impedance video input 

= Low-impedance video output 

@ Choice of external time constants 
for sync separator 

= Negative power supply not required 

® RF AGC delay externally controlled 


OO Bee a 


« 1Ok 390 a Tere 68 1.5 


oOo Oo oO 8 © © ®© @& 


CA3I2Z0€ 
OR 


CA3ZI42E 
BOTTOM VIEW 


Oo OO oO @M OO O WY 


390 ik Ok is Tk "0 20>10,>6 25570, 


[8 [6} U9} 15) 4) U8} LS 2 


RESISTANCE VALUES 


O ARE INOHMS 92CS- 2264181 
24V 


Fig.2— Test circuit for measuring electrical charac- 
teristics of the CA3120E and CA3142E. 
Refer to Figs. 7 and 8 for switch selector 
positions. 


CA3120E, CA3142E 


CASI20€ 


AGC 
ENABLE Ey 


SWITCH 


N-P-N 
NOISE 
INVERTER TUNER 


; NOISE 
ENT, DETECTOR 


% CASIZ0E 
ONLY 


eee AGC ENABLE 
CANCELLEO(S) : 

ViOEO 

GROUND = gurpur 


92CM- 22642A1 


Fig.1 — Simplified block diagram of the CA3120E and CA3142E. 
MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C 


DOC SUPPLY VOLTAGE ...... . . 2. 2. we 30 V 
DEVICE DISSIPATION: 


Up to Ta = 55°C . oe ie & 750 mW 
Above Ta = 55°C. Derate linearly at 7.9 mWw/°C 
AMBIENT TEMPERATURE RANGE: 
Operating —40 to +85 °C 
Storage: <2 a ete A oe Se we —65 to +150 °C 
LEAD TEMPERATURE (During soldering): 
Ata distance not less than 1/32"’ (0.79 mm) 
from case for 10 seconds max. +265 °C 
ve 
() 
SYNC- NEG WORIZ. th 
yineG GUTeun os ao IN Ke dl oO. ASS. e 6 d 
220 
‘ : 
= 
__ 2h] irk 
= 
a 


Q6 


‘© 


Low z cy © @  @& o © 
J viDEO 4 FILTER GAIN BIAS beray FET W-PW 
OUTPUT GROUND foaue ne OELAYED AGC 
RESISTANCE VALUES ARE IN OHMS IF AGC AParsce” 
4% INCLUDED IN CA3IZ0E ONLY OUTPUT 


D2CL- 22680R1 


Fig.3 — Schematic diagram of the CA3120E and CA3142E. 
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CA3120E, CA3142E 


CIRCUIT DESCRIPTION* 


An AGC sample-and-hold system generates 
control voltages proportional to the video 
level. The sync-tip voltage is compared to an 
internal reference voltage during the hori- 
zontal synchronization (retrace) interval. The 
control voltages (AGC outputs) are supplied 
to the tuner’s RF stage and the !F amplifier 
to maintain the video level at a constant value. 


The composite positive and negative output 
sync signals are developed across a low im- 
pedance source (totem-pole circuit) at an 
amplitude of approximately 20 volts peak- 
to-peak. . 

Video Chain and Impulse Noise Inverter — 
The input video signal applied at Terminal 8 
is white ‘‘positive’”’ with arequired amplitude 
in the range of 2 to 4 volts. The DC level of 
the sync peaks, AGC threshold voltage (VT}) 
is approximately 5 volts. The level is main- 
tained at 5 volts by the AGC loop in the cir- 
cuit, comprised of the CA3120E or CA3142E 
and the TV receiver RF and IF amplifiers. A 
low source impedance video signal js available 
from the emitter of Q1 (Terminal 9 in Fig. 3). 
The external resistor (R41 in Fig.9) reduces 
the dissipation of Q1. The emitter-follower 
output of Q1 is directly coupled to a differ- 
ential comparator stage (Q2, Q3). Unless a 
negative-going pulse is present, Q2 functions 
as an emitter follower and also cuts off tran- 
sistors Q3, Q5, and Q12. 


The output of Q2 is applied through a signal 
delay network, consisting of transistor Q60 
and associated resistors, to the Darlington 
followers (Q13 and Q14). The delayed video 
signal at Q14 is fed via its emitter to an AGC 
comparator Q19 and to the junction of a 
noise-cancelling amplifier stage (Q16). The 
noise-cancelled video signal is inverted and 
amplified by Q16 and then connected to 
a Darlington emitter-follower output stage 
(Q57, Q58). 

If impulse noise is present on the video signal, 
Q3 conducts and turns on transistors O5 and 
Q12. QS inverts and “stretches” the noise 
pulse width. The output of Q5 is applied to 
an emitter follower stage (Q12). The signal 
from Q12, in turn, is applied to the summing 
junction to the noise-cancelling amplifier 
Q16. The noise pulse, which has now been 
amplified, inverted and stretched, is added 
to the delayed video signal from the emitter 
of Q14. 

Because the video signal has been delayed 
approximately 300 nanoseconds and the 
noise pulse has been widened (‘’stretched’’) 
approximately 500 nanoseconds, the output 
of the combined signal no longer contains 
impulse noise signals. The derived noise- 
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gating pulse “‘surrounds’’ and effectively 
eliminates the effects of the impulse noise. 


The noise-cancelled video signal, amplified 
and buffered, is available at Terminal 5 for 
use in the sync-separator stage. The peak-to- 
peak amplitude of the noise-cancelled output 
signal is approximately twice the amplitude 
of the input video signal at Terminal 8. 


Sync Separator (See Figure 4) — The sync 
separator stage (Q56) clamps the detected 
sync tips to a fixed reference voltage 
(= 0.7 V) across its base-emitter junction, 
and amplifies a portion of the sync signal 
to provide dual polarity sync-signal outputs 
at Terminals 2 (negative) and 3 (positive). 
The output signals are derived from low- 
impedance complementary emitter-follower 
stages; a base current of 100 microamperes 
into Terminal 4 is sufficient to generate full- 
amplitude sync signals. 


The choice of coupling the noise-cancelled 
video-signal from the emitter-follower (Ter- 
minal 5) to the sync separator (Terminal 
4) is a user option. Fig. 5 shows three typical 
coupling networks. 


Fig. 6 illustrates the operation of the AGC 
circuits. An input ramp signal, simulating 
the potential to which the AGC filter capaci- 
tor may be charged, is applied to Terminal 
11. The forward 1F AGC output voltage 
appears at Terminal 13. Under low-signal 
level conditions (represented by A to B in 
Fig. 6) the output level is approximately 
1.4 volts less than the voltage applied to 
Terminal 12. 


The circuit designer should select the voltage 
at Terminal 12 to provide the maximum IF 
gain required for the system. At intermediate 
signal level conditions (represented by B to 
C in Fig. 6), the IF AGC signal follows the 
AGC filter potential. The tuner(s) will oper- 
ate at maximum gain for good signal-to- 
noise ratios at these equivalent input signal 
levels. Point C is a turnover point determined 
by the open-circuit potential of the tuner- 
delay bias potentiometer. At this potential, 
further change in the 1F AGC output is in- 
hibited (for good dynamic range) and the 
tuner AGC potentials are activated (repre- 
sented by C to D). 

The output at Terminal 14 with suitable 
level shifting is used for tuners requiring 
reverse AGC, such as MOSFET or electron- 
tube types. The output at Terminal 15 is 
used for tuners requiring forward AGC, such 
as tuners utilizing n-p-n bipolar transistors. 


* For additional information refer to the IEEE 
Transactions on Broadcast and TV Receivers,” 
August 1970, pp. 185—195, Vol. BTR No.3. 
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Fig.4 — Sync separator stage. 
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Fig. 5 — Typical coupling networks 
(Term. 5 to Term. 4). 
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INCREASING 
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Fig.6 — Typical operation of the AGC circuits using 


the CA3120E and CA3142E. 


CA3120E, CA3142E 


TEST CONDITIONS 


SWITCH NUMBERS TERMINAL 
1} 2| 3] 4) 5} 8) 9) 17] 12| 13 | 14 | 15) 16) 17) 18] 79 | 20 | MEASURED 


SWITCH POSITION 


| SWITCH POSITION 
im PEP PP PP [steep [secre n | 
VTH 


CHARAC- 
TERISTIC 


o 


B < 
oe) 
n 
n 
uo 


VTH(SEP) 


24V 


2 
2 


V13(LOW) 
V13(HIGH) 
|14(OFF) 
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Fe RW Kea co) Uc ad Mas al ES 


RO 
oy) 
RO 
WwW 


(a isl De fhe ERs at ee el Dad 


lene ele eres 
2 See ele Se le eee he 


< 
ook 
N 
wW 


115(OF F) 


CAUTION: Remove power before selecting or adjusting switches. 
* Reduce voitage at Terminal 8 unt! Vig decreases. VTH(SEP) = VTH — Vg. 


NOTE: Switch numbers tn italics correspond to numbers in square boxes in Figs. 2 and 8, 


| 
17 
Fig.7 — Test condition values for associated switches 1 through 20 (switches 6, 7, and 10 are omitted). 


O MEASURE VOLTAGE 
Refer to Figs. 2and 8 for test circuit and test-condition selector-switch arrangements. 


MEASURE VOLTAGE 


2 
ow O-——--—O _ MEASURE VOLTAGE 
vt2ev +24v ; 
O DELAY BIAS 
HORIZ O 
FLY BACK rvs a} 05 4 
be ev Purse g 0 aye 2 ss c= MEASURE VOLTAGE 
vi. vu AGC ENABLE Sean = 2 [] 
@) ) HORIZ ues O rarer 2) IF Man TO TF Y t -AAA-——0 24V 
Vp # 8V © O _ 10 k Q 
24Vv 
‘ei 0 3 bs 92CL-22¢609R1 
CA3I2Z0E : 
Varn Sy casraze nevense)| US 
e@ 
FROM viDEO o FEY NOTE: The italicized numbers in the squere boxes refer 
NOISE NE Fos. to the 17 switches (switches 6, 7, and 10 are 
Low z CANCELLED fee: 1) “@) Cr) Woe psa omitted) of the test circuit and correspond to 
OUTPUT ouTPUT ise SEPARATOR SEPARATED T'\? on038 those given in Figs. 2 jand 7. 
‘ ; 
ok 015 015 Ih ay sae 33k es . : 
VY VQ iaeor CAUTION: Remove power before selecting or adjust- 
150k 0.0033 <820k oon ing switches 
‘ARE IN OWMS oe ae an Fig.8 — Test condition selector switch arrangement for messuring the 
Oy O sync. 0 electrical characteristics of the CA3120E and CA3142E. 
S92CM-22643R1 
Fig.9 — Typical application using the CA3120E and CA3142E. (Figure 8 continued on the next page) 
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CA3120E, CA3142E 


ELECTRICAL CHARACTERISTICS at Tq = 25°C, Supply Voltage (V+) = 24 V and 
Referenced to Test Circuits and Test Conditions (Figs. 2, 7, and 8). 


TERMINAL CA3120E 
MEASURED CA3142E 
CHARACTERISTICS perl LIMITS | 
| SYMBOL : | (oo 24v 
Supply Current (Pulse Test) 724 ou = 
Ma 
me: 
| 2 
Video Output Amplitude (Low Impedance) if Ve. o——0 24 
2 
sw E 
Noise Cancelled Video Output at VTH 2 pad ¥ oct 


(Black Positive, Gain = 2) 


AGC to Noise Separation 
Sync Input Current for Full Amplitude Outputs | la (On) 
Maximum Leakage Current at Terminal 4 sw i 
Sync Outputs: ee 
Negative Sync Low V>(L) 
Negative Sync High 
Positive Sync Low 
Positive Sync High 20. 


AGC Filter: . . 
Charge Current (Pulse Test) 144CH) 12 A 


Discharge Current 


2 
a 
ao 100 pA DC 


2V CURRENT SOURCE 


—--)—o (oa) | 
o-o-() 


> 


Leakage Current 


t 
> 


AGC Enable: 
Horizontal Keying 


Negative Sync Input Current Potion | 


Maximum IF Gain-Clamp Voltage Via 


Maximum IF Gain Bias 


IF AGC Voltage: 
Low V13 (LOW) 


V13(HIGH) 5.7 


Tuner Currents: 
Reverse AGC (FET) OFF Current 114 (OFF) 


Reverse AGC (FET) ON Current 


> 


Forward AGC (n-p-n) OFF Current 


x 4 
> 


Reverse AGC (n-p-n) ON Current 


Internal Noise-Lockout Time (CA3120E only) 


: 3 3 
<ic <i|<]/pi< <i<it<jie< 


NOTE: The italicized numbers in the square boxes refer 
to the 17 switches (switches 6, 7, and 10 are 
omitted) of the test circuit and correspond to 
those given in Figs. 2 and 7. 


CAUTION: Remove power before selecting or adjust- 
ing switches 


Fig.8 — Test condition selector switch arrangement for measuring the 
electrical characteristics of the CA3120E and CA3142E. 
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CA3121G 


Features: 


TV Chroma Amplifier/ 
Demodulator 


Provides Complete System for Processing Chroma 
When Used with RCA-CA3070 or CA3170 
“G" Suffix Type-Hermetic Gold-CHIP in 


Dual-in-Line Plastic Package 


RCA-CA3121G is a monolithic silicon inte- 
grated circuit chroma amplifier/demodulator 
with ACC and killer control for color-TV 
receivers. It is designed to function com- 
patibly with the CA3070 or CA3170 in a 
two-package chroma system. Figs. 5 and 6 
show a functional block diagram and the 
outboard circuitry of a typical two-package 
chroma system incorporating the CA3121G 
and CA3170, respectively. 


The CA3121G is supplied in a 16-lead dual- 
in-line plastic package with hermetic Gold- 
CHIP (G suffix). 


® Excellent linearity in dc chroma gain-control circuit 
= improved filtering resulting in reduced 7.2 MHz output 


from the color demodulators 
# Current limiting for short-circuit protection 


= Good tolerance to B+ supply variations 
= Good temperature coefficient stability 
= Gold-CHIP for increased reliability 


The transistor chips used in the hermetic 
Gold-CHIP plastic packages are of the sealed- 
junction type designed to provide protection 
against the deteriorating effects of humidity 
and other surface contaminents without the 
need for a hermetic package enclosure. The 
semiconductor junctions are sealed by util- 


izing a silicon nitride passivation layer. A°- 


multilayered, highly corrosion-resistant, ter- 
minal-connection system of unique design 
is employed. 


MAXIMUM RATINGS, Absolute-Maximum Values at T , = 25°C 


Supply Voltage . 
Device Dissipation: 


30 V 


° 

a 
> 

| 
be 
P=) 
a 
- 
2 
° 
m 
= 
« 
uw 
= 


8 
8 
8 


400 500 


NTSC CHROMA INPUT SIGNAL (TERM. 2)—mVp-» gccesages 


Fig. 2— Typical ACC plot for the CA3121G when 
used with the CA3070. 


CIRCUIT OPERATION 


The CA3121G consists of three basic circuit 
sections: (1) amplifier No.1, (2) amplifier 
No.2, and (3) demodulator. Amplifier No.1 


Up to T, = 15°C 
Above Ty = 55°C 
Operating Temperature Range . 


derate linearly 10.5 mw/°c 


1W contains the circuitry for automatic chroma 
control (ACC) and color-killer sensing. The 


Storage Temperature Range... 
Lead Temperature (During Soldering) 


At distance 1/16’’ +1/32” (1.59 +£0.79 mm) from case for 10s max. . 


CHROMA 
INPUT 


AMPLIFIED CHROMA 


= oO 
eee tiecee output of amplifier No.1 (Terminal 3) is 
coupled to the Chroma Signal Processor 
. +265°C (CA3070, CA3170 or equivalent) for ACC 


REF. SUBCARRIER 
INPUT 


92CM-22727RI 


Fig. 1 — Functional block diagram of the CA3121G. 


and automatic phase control (APC) operation 
and to the input of amplifier No.2 (Terminal 
4) containing the chroma gain control cir- 
cuitry. The signal from the color-killer cir- 
cuit in amplifier No.1 acts upon amplifier 
No.2 to greatly reduce its gain. 


The output from amplifier No.2 (Terminal 
14) is applied, through a filtering network, 
to the demodulator input (Terminal 13). 


The demodulator also receives the R-Y and 
B-Y demodulation subcarrier signals (Termi- 
nals 7 and 8) from the oscillator output of 
the Chroma Signal Processor. The R-Y and 
B-Y demodulators and the matrix network 
contained in the demodulator section of the 
CA3121G reconstruct the G-Y signal to 
achieve the R-Y, G-Y, and B-Y color differ- 
ence signals. These high-level outputs signals 
with low impedance outputs are suitable for 
driving high-level R, G, and B output amp- 
lifiers. Internal capacitors are included on 
each output to filter out unwanted har- 
monics. For additional operating information 
and signal waveforms, refer to Television 
Chroma System (utilizing RCA-CA3070, 
CA3071, CA3072), File No. 468. 
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CA3121G 
ELECTRICAL CHARACTERISTICS at T, = 25°C and Reference to Test Circuit (Fig. 3) 


CHARACTERISTIC, 
TERMINAL MEASURED, TEST CONDITIONS 
AND SYMBOL 


Input Sensitivity. V2 | Vary Eg; set Vq for 
55 mV RMS 


Se 
= 
” 


3 


< : 
¥ 


mV RMS 


mV RM 


Output Voltage Switch Position: $1=2, 70 |mV RMS 
(Killer off) $2=2,S3=2 Adjust killer 
potentiometer until out- 


put drops 
Demodulator Characteristics: 


Output Voltages 


DC Output Balance . 
(Between any 2 outputs) 
Eg=0; Swith Position: 
$1=1,S2=1, S3=1 
Relative Outputs— 


R-Y Vary Eg;set V1 for 2V 
-RMS 


Relative Phase— 
R-Y Vary Eg; set V1 for 2 V 
RMS; read phase of 
V10 and Vo 


with V 41 as reference 


Re 
* 


B-Y 
2.7k OUTPUT 
O 


KILLER 


100 k R-Y 
leye) 2.7k = OUTPUT 
O 


47k 


FF 0.08 . 
= 3.56-MHz BD a 


INPUT 


* 
30 pF & 3.9kQ2 VALUES MAY BE ADJUSTED TO 8-Y B-Y 
—yo 
GIVE THE DESIRED RESPONSE SUBCARRIER 


Tl: PRIMARY & SECONDARY WINDINGS =75yH, INJECTION 
Q*22, PRIMARY WINDING CENTER TAPPED . 102° PHASE DIFFERENCE 


NOTE: Vp-p. 
2.2-kQ LOADS ONLY FOR TEST PURPOSE, 3.3-k2 LOADS RECOMMENDED FOR APPLICATIONS. 


RESISTANCE VALUES ARE IN OHMS. : 
CAPACITANCE VALUES ARE IN MICROFARADS UNLESS OTHERWISE INDICATED. 92CM-22732R1 


Fig. 3 — Typical characteristics test circuit for the CA3121G. 
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CA3121G 


(5) KILLER OR oor (2) +24V 
SS SS SE ee oe oe —_ oe eae aoe cee ee eee ee oe ee oe - — a MES Soi: cme atin ey | <P sees Ge oe YS AED EE ee sitet 
| gr eon R54 R20 MAND. | 
R21 
tome 400 79K s00 BKS 23K aze OUTPUTS | 
-|--== === [ey 
Acc | Ql | | 
(6) 
| i 
| | |* ro 
2 i ! 
| | 
ace | 
4 ee 
| = haere a 
| | © 
l I G-y 
asl | 
| 
| 
{ 
cur. int 
() 7 
6) R2 


R34 
100 


Q45 Q46 
‘ R36 = R37 
r 100 100 


Cy oon (6) 6no. 


92CL-20848R 
RESISTANCE VALUES ARE IN OHMS : | 
Fig. 4 — Schematic diagram of the CA3121G . 
ACC 
ADJUST ADJUST HUE 
O O CONTROL KILLER ADu. ve 
O 
(3) (4) MMB O OOO  #£| AdpAWM _________ 2 a 
ead an ae re 2 
| { | 8-Y 
OUTPUT 
| O 
! B-Y 
| { DEMOD. | 
! 
| al 
| 17 dB a]! _R-Y 
TYP. | OUTPUT 
2) : R (O-—O 
| | 
| | sa 
| 
HORIZ 
KEY | (3) R-Y | 6-y 
PULSE | DEMOD OUTPUT 
O SHUNT O 
iN CA3070 REG. AND 
| Choire BIAS CKT. al 
Ls ase ee — —6)-—-—@- -® Sih acetal 
OGND. O 
= CHROMA 
AMPLIFIED CHROMA Sue CONTROL 


92CM— 2273iIRI 


Fig. 5 — Simplified functional diagram of a two-package TV chroma system utilizing 
the CA3121G and CA3070 or CA3170. 
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CA3121G 


_ CHROMA 
INPUT 


47 
47 


470 


TILT ADJ. 
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O+24V 
TO TERM.6 


100 K 
KILLER 
AOJUST 


47K 


| B-Y 
2.7K OUTPUT 


R-Y 
2.7K OUTPUT 
CA3t2IG 


| ag G-Y 
27K OUTPUT 


° 
oO 
i 


CHROMA 
GAIN CONT. 


50 +24V 


27K 470/1W 


HORIZ. KEY PULSE 
+4V,49.5 4s 
INPUT RESISTANCE VALUES ARE IN OHMS. 
UNLESS OTHERWISE INDICATED, ALL CAPACITANCE 
VALUES LESS THAN | ARE IN MICROFARADS, 92CL-~22726R1 
1 OR GREATER ARE IN PICOFARADS. 


Fig. 6 — Outboard circuitry of a typical two-package chroma system for 
color-TV receivers utilizing the CA3121G and CA3170. 


AM Radio Receiver Subsystem 


Includes RF Amplifier, |F Amplifier, Mixer, 
Oscillator, AGC Detector, and Voltage Regulator 


The CA3123E* is a monolithic silicon integrated circuit 
that provides an rf amplifier, if amplifier, mixer, oscillator, 
AGC detector, and voltage regulator on a single chip. It is 
intended for use in super-heterodyne AM radio receiver 


applications particularly in automobiles. The CA3123E is 
supplied in a 14-lead dual-in-line plastic package and operates 
over the temperature range of —55° to 125°C. 


* Formerly RCA Dev. No. TA6155 


ELECTRICAL CHARACTERISTICS at T, = 25°C 


Static Characteristics In Circuit of Fig. 3 


OC Voltage: 
At Terminals 1, 4 


At Terminals 2, 3, 14 
At Terminal 5 

At Terminal 6 

At Terminal 7 

At Terminals 8, 9 Vv 
At Terminals 10, 11 
At Terminal 12 

At Terminal 13 


DC Current: 
Into Terminals 1, 4,5, 7 


8,9, 10, 11, 12 


Into Terminal 2 


Viva 
VaV3.Vi4 


Vio. 


< 
<j < aleleci< 
alo | <j<in jo |? 
= |e 


lylalgt7. 


Igtgdigdasty2 


Into Terminal 3 
Into Terminal 6 


Into Terminal 13 


= 
w& 


Into Terminal 14 


Performance Characteristics In Circuit of Fig. 3 


Sensitivity 


output at Vo 


Signal-to-Noise Ratio S/N 


Overload Distortion 
at Vo must be 


< 10% 


Dynamic Characteristics For Indicated Stages In Circuit of Fig. 3 


Input Signal set at 
1 MHz, 90% AM 
Modulation, Distortion 


Features: 


Low-noise, low-R,,‘ rf stage in cascode connection — 
eliminates Miller-Effect regeneration and allows con- 
trolled power rise by the choice of external components 
Mixer-oscillator stage with internal feedback — 
eliminates need for tapped or multi-winding 

oscillator coils 

Cascode if amplifier with controlled output impedance 
and negligible Miller Effect — 

eliminates regeneration and selectivity skewing 
Frequency -counter AGC circuit — 

aliows control of AGC response by selection of the 


coupling capacitor 


8 Integral regulation with built-in surge protection 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Input Signal to Dummy 
Antenna at fin=! MHz, 
30% AM Modulation at 
fuop =400 Hz, for 11 mV 


Ratio of Output at Vo 
with Modulation ON and then 
OFF, Input Signai=100 uV, 
30% AM Modulation at 


Parallel Resistance 


Oe a ee 
2 2 Umhos 
Ee ee 
es ee 


Separately accessible amplifiers 


LIMITS 
Ty 


UNITS 


> 
~“ 


o 
oo 


0.25 


~ 
nN 


0.76 


0.71 
0.71 


3 


~ 
NO 


> 


—_ 
a 


Pla 
Alw 
3 
> 


3 
> 


0.170 
e | 
: 
160000 | 400000 


p. 
3 


< 


1s 5 
< 


2500 (Mixer} 
3000 (Amplifier) 


CA3123E 


MIXER INPUT MIXER OUTPUT 


OSCILLATOR 


OSCILLATOR TANK 2 RF OUTPUT 


vt 3 \2_RF_ INPUT 
MIXER BYPASS RF BYPASS 
AGC DRIVE AGC CAPACITOR 
IF OUTPUT RF_GROUND 


IF INPUT SUBSTRATE AND 


IF AMPL. GROUND 


92CS -21666 


Terminal assignment diagram. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE: 
At Terminal No. 3(V*) ............ 9V 


At Terminal No. 6 (JF Output)....... 40 V 

At Terminal No. 13 (RF Output) ..... 20 V 

At Terminal No. 14 (Mixer Output)... 20V 
DC CURRENT: 

Into Terminal No. 3(Vt)........... 35 mA 
DEVICE DISSIPATION: 

Upto Ta SPC cle kates ens 750 mw 

Above T q* 58°C. annoy esa eis derate linearly 6.67 mW/°C 
AMBIENT TEMPERATURE RANGE: 

Operating ........... 00. cee eee -55 to +125°C 

Storage... 0... eee ees —65 to +150°C 


LEAD TEMPERATURE (During Soldering): 
At distance 1/16" + 1/3” 
(159mm + 0.79 mm) 

from case for 10 s max. 265°C 


TYPICAL CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta)}#25°C 
OPERATING FREQUENCY (f,)#262 kHz 
AM MOOULATION = NONE 


SLOPE 
0.406 6B/mv 


< 
a 
2 
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= 
x 
WwW 
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z 
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2 
oO 
my 
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INPUT VOLTAGE (en) ~™V ays 92CS-21668 


Fig. 1 — Control of RF stage by signal into Terminal No.5, 


Vo 
*12V 


3302 


t 
2 


3 
4 CAR23E II 
5 
6 
7 


56 pF 
us KHz 


Fig. 2— Test circuit for Fig. 1. 
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CA3123E 


* IMHz 
cl 27PF ogo 


a ul : fn ~) 
GH 
= oS 1 ANTENNA 


T 
T” TUNING ce cit 
ci? “ . 


5.70F =I: (WHEN DESIRED) | (ee 
a 


RF 
AMPL. 
TUNING - 


2 3 


3302 
KY 
OSCILLATOR t.c9 
200pF 6802 TuniG | =T 400uF “(etek 
OSCILLATOR = * = 
AMPLITUDE 27 pF CAPACITOR IN SERIES WITH INPUT GENERATOR 
=x 1.25 Vas REPRESENTS A DUMMY "WINDSHIELD TYPE ANTENNA 


HO) pF (> ~ 

2840 130 60 
2840 130 60 

60 
60 


2840 
2840 


First !F: 
Primary 


Wire should be wound around end of coil away from tuning core. 
7.9 MHz 
1 MHz 

1.262 MHz 


RF MIXER MIXER MIXER OSCILLATOR 
OUTPUT INPUT OUTPUT BYPASS TANK 


RF 
INPUT 


RF 
BYPASS 


AGC 
CAPACITOR ©) 


AGC 
DRIVE 


SUBSTRATE 
AND 
1F GROUND 


OF} 


ROUND 


Fig. 4 — Schematic diagram of CA3123€, 


PERFORMANCE CHARACTERISTICS IN CIRCUIT OF FIG. 3 


FREQUENCY OF MODULATION (fygp)*400 kHz 
AM MODULATION *30% 

AMBIENT TEMPERATURE (Ta)#25°C 

OUTPUT VOLTAGE MEASURED ACROSS 

20 KM VOLUME CONTROL 

FOR DETAILS BELOW 30pV, SEE FIG. 6 


+10 


amill 


MODULATION AT 


AMBIENT TEMPERATURE (Tq)=25°C 
1 othdt ot Tiel 
OUTPUT VOLTAGE (Vo) *85mV 
rT 
30% 


> 
| 
WW 
ef 
a 
° 
> 
~ 
> 
a 
- 
> 
o 


SIGNAL-TO NOISE RATIO 


RF SIGNAL INPUT —pV¥ 92C$-21667 


Fig.6 — AGC curve showing voltage rise (controlled by 
external capacitance of 5.7 pF: Cy7, Fig.3). 


RF SIGNAL INPUT VOLTAGE — ,V 9208-21670 Change in slope in the vicinity of 40000 LV signal input voltage is the 
‘ result of the use of C47 (5.7 pF) in Fig.3. The dotted curve indicates 
Signal-to-noise performance. expected performance if C47 = 0. 
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VOLUME CONTROL 


Total Turns To Couplin 
Tap Turns Ratio pang 


Adjusted to an impedance of 75 2 with primary resonant at 1 MHz. Coupling should be as tight as practical. 


Cd 

I 
3 
- 
E 
6 


TO AUDIO 
AMPLIFIER 


DETECTOR 


+12V 
TO FILTER 
CHOKE 


92CM-21665 


critical 
0.017 1/0 


critical 
0.017 ~1/Q 


92CM-21664 


O] FREQUENCY OF MODULATION {fyop)#400HNz 
AMBIENT TEMPERATURE (Ta)#25°C 


RF SIGNAL INPUT — pV 
Fig.7 — Overload response. 
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Television Chroma Demodulator 


RCA-CA3125E is a monolithic silicon integrated-circuit 
chroma demodulator having three separate demodulators 
with independent phase control. It is designed to function 
compatibly with the CA1398E IC Chroma Processor as well 
as other commercially available Chroma Processors in R-G-B 
Systems of color-TV receivers. The CA3125€ is supplied 
ina 14-lead dual-in-line plastic package. 


TYPICAL STATIC CHARACTERISTICS AT Ty = 25°C, 
vt = +20 VOLTS 

SUPPLY CURRENT ................-0-20 00 

BRIGHTNESS CONTROL VOLTAGE: 

Measured with 8 volts at 
Terminals 11,°12, and 13 

MAX. OUTPUT DIFFERENCE VOLTAGE: 

Measured between any two of 

Terminals 11,12, and 13 ..............005- 40.4 V 
MAXIMUM DC DETECTOR UNBALANCE 

VOLTAGE: 

DC voltage shift on Terminals 11, 12, and 13 
when Terminals 1, 2, and 3 are alternately 
biased 0.5 volt positive, then negative with 
reference to Terminal 14..............-. 


9.6 mA 


Pe ee ee 


+150 mV 


LUMINAN 


cE 
+t 45 VOQAND OC BIAS INPUT 


CHROMA INPUT 


MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25°C 


SUPPLY VOLTAGE ............0..........005. 
SUPPLY CURRENT .........00.........0..000. 
AMBIENT-TEMPERATURE RANGE: 

Operating .............. 0.0.00 eee —40°C to +85°C 

LORNA GE 2 ccassountie « ttrwcicntastic dealin eae t —65°C to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16” + 1/32" (1.59 + 0.79 mm) 

from case for 10s max. 


TYPICAL DYNAMIC CHARACTERISTICS AT Ta = 25°C, 
Vt = +20 volts 
BLUE CHROMA GAIN: 
Peak-to-peak voltage at Terminal 11 with 1.0 volt 
peak-to-peak applied differentially between 
Terminals 6 and 7, and with a subcarrier 


injection voltage of 1 volt peak-to-peak 7.36 Vp-p 
RED GAIN RATIO: 
Peak-to-peak voltage at Terminal 13 100 10 
Peak-to-peak voltage at Terminal11 un 
GREEN GAIN RATIO: 
Peak-to-peak voltage at Terminal 12 
Peak-to-peak voltage at Terminal 11 TOO i sre herr roe 
LUMINANCE GAIN: 
Peak-to-peak voltage measured at Terminals 11, 
12, and 13, with a peak-to-peak voltage of 
0.1 volt applied to Terminals 6 and 7 
{common mode}, and with no subcarrier 
injection... 6... ee ee eee 0.7 Vp-p 


BLANKING 
QO INPUT 


BRIGHTNESS 
CONTROL 


pe a °% 
site “ssl. 


@O® (4) 4) 
DEMODULATOR 

REFERENCE f 

SUBCARRIER BIAS 

INPUT 


Fig. 1 — Functional block diagram of the CA3125E. 


CA3125E 


Features: 


Luminance input 
Blanking control input 
Three separate demodulators with independent phase control 


Low output offset voltage ...........0.0cceeeee 04V 


8 
OUTPUT 


R 
OUTPUT 


G 
OUTPUT 


92CM- 22547 


369 


CA3126Q 


TV Chroma Processor 


receivers. It is compatible with the CA3067 chroma demodu- 
lator as well as other chroma demodulators. 


RCA-CA3126Q0 is a monolithic silicon integrated circuit 
designed for chroma processing applications in color TV 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta= 25°C 
DEVICE DISSIPATION: 


UR AOT ee BBCO pec duv ee lid weer eie tia aSleetes 750 mW 

Above Ty = 55°C ............... derate finearly 7.9 mW/°C 
DC SUPPLY VOLTAGE (Across Terms. 5 and 12)“......... 13.2V 
OC CURRENT: 

fnto. Termis42 so cosis ohc/c cd ode peed ab hes ee eas 33 mA 

Into Tern 14s. ees eb cc we ose ce Are Whe ale Rie ek wana Sad hee 20 mA 
DC VOLTAGE (Terminal 9): 

Negative Rating ... 0... ce ee te ee eees -5 V 

Positive Rating 2.0.0.2... 0... ce eee eee ees 3V 
AMBIENT TEMPERATURE RANGE: 

Operating i scsed gc 3 bole BEDE ie Pa ek —40 to +85°C 

Storage: s.ccadeil ac 0k pe eh oe ee —6 to +150°C 


LEAD TEMPERATURE (During Soldering): 
At a distance not less than 1/32 in. (0.79 mm) 
from case for 10 seconds max. .......... 0.000. c eens +265°C 


“This rating does not apply when using the internal zener reference 
in conjunction with an external pass transistor. 


The CA31260Q is supplied in the 16-lead quad-in-line plastic package. 
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Fig. 1-Block diagram of CA3126Q TV Chroma Processor. 


ELECTRICAL CHARACTERISTICS 
Test Conditions: Ta = 25°C, chroma control at maximum position for all characteristics tests except for chroma output test. 


For this test, controt should be set at minimum position. Electrical characteristics referenced to test circuit, Fig.2. 


TERMINAL, 
MEASURE. 
MENT, AND 


(TCH POS. 
Sw OSs ITs 
SYMBOL Typ. 


CHARACTERISTIC 


Static Characteristics 


wW 
foe] 


|< 


3 


Dynamic Characteristics (See Note 1) 


Note 1: Except for pull-in range testing, tune oscillator trimmer capacitor for free-running frequency of 3.579545 MHz + 10 Hz. 
*Set Switch 1 to Position 2, detune oscillator t 2560 Hz, set Switch 1 to Position 1, and check for oscillator pull-in. 
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Features: 

® Phase-locked subcarrier regeneration utilizes sample-and-hold 
techniques 

® Automatic chrominance control (ACC)/killer detector employs 
sample-and-hold techniques 

e Supplementary ACC with an overload detector to prevent 

oversaturation of the picture tube 

Sinusoidal subcarrier output 

Keyed chroma output 

Emitter-follower buffered outputs for low output impedance 


Linear de saturation control 
Internal zener-regulated reference patentials 


Only the initial crystal filter tuning is required. . . no killer or 
ACC adjustments required at any time 

® Few external components required 

® Compensation for temperature and supply variations 

® All terminals protected against short circuits 


CIRCUIT DESCRIPTION 


The following paragraphs briefly describe the circuit operation 
of the CA3126Q (shown in Fig. 1). A detailed description of 
the operation of various portions of the CA31260 is 
given in ICAN-6247, “Application of the CA3126Q Chroma- 
Processing 1C Using Sample-and-Hold Techniques”. 


The chroma input is applied to Terminal 1 through the desired 
band-shaping network. A 2,450-ohm resistor should be placed 
in series with Terminal 1 to minimize oscillator pickup in the 
first chroma amplifier. This amplifier supplies signals to the 
second chroma amplifier and to the ACC and AFPC detectors. 
The first chroma amplifier is gain-controlled by the ACC 
amplifier. 


A horizontal keying pulse is applied to Terminal 9. This pulse 
must be present to ensure proper operation of the oscillator 
circuit. The subcarrier burst is sampled during the keying 
interval in the AFPC detector. The error voltage, produced at 
Terminal 2 and proportional to the burst phase, is compared 
to the quiescent bias voltage at Terminal 3 by the sample-and- 
hold circuitry. This “compared” voltage controls the phase- 
shifting network in the phase-locked loop. The operation of the 
AFPC loop is independent of any external adjustments or 
voltages except for an initial capacitor adjustment to set the 
free-running frequency. 


The regenerated oscillator signal at Terminal 8 is applied 
internally to the AFPC and ACC detectors through +45- and 
—45-degree phase-shifter networks to establish the proper 
phase relationship for these detectors. The ACC detector, 
which also samples the burst during the keying interval, 
produces a correction voltage proportional to the burst ampli- 
tude. The correction voltage is compared to the quiescent bias 
level using sample-and-hold circuitry similar to that used in the 
AFPC portion of the circuit. The “compared” voltage is applied 
internally to the ACC amplifier and killer amplifier. Because 
the amplifier gains and killer threshold are determined by the 
ratios of the internal resistors, these functions are independent 
of external voltages or controls. 


2 ‘ 

The attenuated chroma signal is fed to the second chroma 
amplifier, where the burst is removed by keyer action. The 
killer amplifier, the chroma gain control, and the overload 
detector control the action of the second chroma amplifier, 
whose gain is proportional to the dc voltage at Terminal 16. 
The overload detector (Terminal 13) receives a sample of the 
chroma output (Terminal 15) and detects the peak of the signal. 
The detected voltage is stored in an external capacitor con- 
nected to Terminal 16. This stored voltage on Terminal 16 
affects the gain of the second chroma in the same manner as 
the chroma gain control. 


APPLICATIONS INFORMATION 


General Considerations 

The block diagram shown in Fig. 1 is typical of the type of 
circuit used in the practical application of the CA3126Q. 
Several items are critical for proper operation of the circuit. 


1. A series resistor of approximately 2,450 ohms (or high 
source impedance) must be used at the chroma input, 


Terminal 1. This high impedance minimizes pickup of 
unbalanced currents, particularly of the subcarrier oscillator 
signal. 


2. When the overload detector is used, a large resistor (nom- 
inally 47,000 ohms) must be placed in series with Terminal 
16 to set the required RC time constant. The same RC 
network series serves to set the killer time constant. 

3. The setting of the free-running oscillator frequency requires 
the presence of the keying pulse. The free-running frequency 
will be erroneous if Terminal 1 is dc shorted during the 
setting operation because of the dc offset voltage introduced 
to the AFPC detector. 

4. Care must be taken in PC board designs to provide 
reasonable ‘solation between the oscillator portion of the 
circuit (Terminals 6, 7, and 8) and the chroma input 
(Terminal 1). 

Overload Detector 

The overload detector accomplishes two purposes: 

1. It prevents oversaturation due to low burst-to-chroma 
ratios. 
2. It prevents overload conditions due to noise. 

Both of these conditions are discussed in more detail in 

ICAN-6247. The extent to which the overload detector is used 

depends upon the individual receiver design goals. If greater 

than 0.5-volt peak-to-peak output is desired, the chroma 
output at Terminal 15 can be tapped to yield any desired 
degree of overload detector action. 

Chroma Gain Control . 

The chroma gain control operates by varying the base bias on 

current source transistor Q25. To ensure proper temperature 

tracking of the chroma gain control, it is essential that the 
contro! be operated from a supply source derived from the 
reference voltage at Terminal 12. Because the control operates 
from a current source, chroma gain is much more predictable 
and far less temperature sensitive than controls that steer 
current by means of adifferential amplifier. The typical chroma 
gain characteristic for the CA3126Q is shown in Fig. 3. 


Subcarrier Regenerator Oscillator 

The oscillator filter consists of a 3.579545-MHz crystal, a 
680-ohm resistor, and a 10-pF capacitor connected in series 
across Terminals 6 and 7. A 33-pF capacitor, shunt connected 
from Terminal 7 to ground, rolls off higher-order harmonics, 
thereby preventing oscillation at the crystal third-harmonic 
frequency. A curve of the typical static phase error as a 
function of the free-running oscillator frequency is shown in 
Fig. 4, It should be noted that the slope of the curve determines 
the dc gain of the phase-locked loop, i.e., 40 Hz per degree. 
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Fig .3 -Chroma gain control. 


FROM +25°C VALUE 


CHROMA OUTPUT PHASE —-DEGREE OF DEVIATION 


CHROMA OUTPUT AMPLITUDE —% OF +25°C VALUE 


~50 -25 ° 25 $0 75 too 
AMBIENT TEMPERATURE (T,) —- °C 
92CS- 25002 


Fig. 6 ~Amplitude and phase variations of chroma 
output vs. temperature. 
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Fig. 2-Test circuit for CA3126Q. 
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Fig. 4—Static phase error. 
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Fig. 7 - Variation of oscillator free-running frequency vs. temperature. 
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Fig. § -Amplitude and phase variations of oscillator 
output vs. temperature. 


Thermal Considerations 

The circuit of the CA3126Q is thermally compensated to 

achieve the optimal operating characteristics over the normal 

operating temperature range of TV receivers. Figs. 5 and 6 

show the oscillator- and chroma-output amplitudes and phases 

as a function of temperature (Terminals 8 and 15), respectively. 

Both the oscillator- and chroma-output amplitudes and phases 
are measured relative to the chroma-input phase. The per- 
formance of the oscillator free-running frequency as a function 
of temperature is shown in Fig. 7, All the temperature plots are 
characteristic of the test circuit with the indicated component 
types and values given in Fig. 2. 
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CA3128Q ‘Preliminary Data 
TV Chroma Processor for PAL Systems 


The RCA-CA3128Q is a monolithic silicon integrated circuit 


designed primarily for PAL chroma processing applications in Features: 

color TV receivers. For a circuit description of the CA3128Q0 ® Phase-locked subcarrier regeneration 
and an explanation of this device in PAL systems, refer to “A utilizes sample-and-hold techniques in 
New Chroma Processing IC Using Sample -and-Hold Techniques” 7 lige aad phase control 
by L. A. Harwood (ST6144). AFPC) servo loop 


@ Automatic chrominance control (ACC)/ 
killer detector employs sample-and-hold 


techniques 


| « Supplementary ACC with an overload 
MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C detector to prevent oversaturation of 


the picture tube 


DC SUPPLY VOLTAGE (Between Terms. 12 and 5). et sae bn a weacanhiah ior eearame Ns ban lees a lete-se- pcan 6. etapa Sova ated Rilke wh ee 13.2 V B Sinusoidal subcarrier output 
DC VOLTAGE (Term. 9): ® Keyed chroma output 
POStIVG VOLUR: vac inaavi cen Ba whys tweed haat yy ios Scone Races eaeetnanel kad lon ue be dts +3 Vv 


NGQBtIVG: V aIWe di Go eda eed wich ee dae we Wn eek de Suc aint: Bidcels da ioum vac Bula takes —5 Vv low output impedance 
DEVICE DISSIPATION: 


Up to Ta = 55°C 


@ Emitter-follower buffered outputs for 


® Linear dc saturation control 


SRE PENIS NOPE A819 a i ee Ee Biee N aD Sat A Ee Rak Race ac eed at Se Vs 750 mW ® PAL identification output 
POOVE Vp OS Ce rtiedic bias sche ad aud gard pati eala ned dhlaylured cc whee ee eaate eae oa derate linearly at 7.9 mW/°C ® Only the initial crystal filter tuning is required ... no killer 

AMBIENT TEMPERATURE RANGE: a and ACC adjustments required at any time 
ODSAING: citar oen ywacones Gwe hoists aae pea aead usdeen Mieeauwwra asic tee eat cban uae ~40 to +85 Cc ; 
SLOFAGE os ewe ataate P OE Bes Meant Nata ate adam ten deate wiiind Beee Mko ne ay hives aurn —65 to +150 °c SPE external components: required 

LEAD TEMPERATURE (DURING SOLDERING): ® Compensation for temperature and supply variations 
At a distance not less than 1/32” (0.79 mm) from case for 10 seconds max. .................... +265 Be ® All terminals protected against short circuits 

TYPICAL STATIC CHARACTERISTICS at Ta= 25°C: 

OC Supply Current (ty Q\with Map SUD V Ge: iced bs as aie ds eens eR ye iil! Ie eet helt lon 25 mA 

TYPICAL DYNAMIC CHARACTERISTICS at Ta = 25°C with a Burst-to-Chroma Ratio of 46.5%: 

100% Chroma Output Voltage at vi (p-p) = O5V ...... Dilasiand.de: tasks ch eandia- ena theese aniel ane toaus one tel Ree detedce hore 3.5 Vp-p 

Oscillator-Level Output Voltage «00.0... cece cece cence been eee be ceceece el. 1 ' Vp-p 

Killer Threshold Input Voltage 0... cece eee e nee b bbb n bebe cece. 0.018 Vp-p 

Pullin FRO QUONGY 2218.24. cated Grice Mie etd tae tated OU Ash hahah Sok oki Si escshl RecA dos ye ath al Nita Be oye Pod 500 Hz 

PAL Identification Output Voltage 0.00... cee cette nee tebe ecbbececeeeee. 1 Vp-p 
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Fig. 1 — Block diagram of CA3128Q TV Chroma Processor. 
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SAMPLE 
B.HOLD DC CONTR SUPPLE 
a BALANCED | VCO VOLTAGE 
BIAS @ SHIFTER vtein2v 


Preliminary Data 


5-Watt Audio Amplifiers 


With Integral Heat Sink . 


RCA-CA3131EM and CA3132EM are audio amplifiers with 
integral preamplifier stages on single integrated-circuit mono- 
lithic chips. 


Utilizing a uniquely designed package with an integral heat 
sink, these devices can provide a power-output signal in 
excess of five watts at an ambient temperature of 25°C. 


The CA3131EM employs an internal feedback network that 
sets the over-all gain of the amplifier to typically 48 dB. 


The CA3132EM omits the internal feedback network. This 
arrangement offers the circuit designer a wide latitude in the 
choice of an external feedback network more suitable to a 
specific application. 


Both types are encapsulated in a 16-lead dual-in-line plastic 
package with 4 center leads removed. 


The CA3131EM and CA3132EM are electrically equivalent to 
and pin compatible with types SN76013 and SN76023, 
respectively. 


Determining External Component Values (Refer to Figs. 2 & 3) 


The dc quiescent output voltage is set by the voltage at Terminal 
1. This voltage, in turn, is set by the internal voltage at 
Terminal 2 tess ty {input current, fixed by Ra + Rp, for Q4). 
The voltage at Terminal 2 is set slightly above half the supply 
voltage to allow for the voltage drop across Ra + Rep. 
Filter RgC3 attenuates any ac ripple injected from the supply 
line and prevents positive feedback to Terminal 1. The rejection 
of supply voltage is a direct function of the filter attenuation. 


The input impedance of the audio amplifiers is a function of 
the closed-loop gain and the magnitude of the Q8 current. In 
practice the input impedance is well above 1 megohm. The 
input signal, applied through C2, sees an impedance equivalent 
to the resistance of Ra connected in parallel with the ampli- 
fier input impedance. Hence, the value of Ra in most cases is 
dominant in establishing the input signal impedance. 


The value of C1 depends on the regulation of the power 
supply. !t is possible for the amplifier to work with a value of 
C1 as low as 0.1 wF to attenuate high-frequency signals in the 
supply line. Ideally, C1 should be placed as near Terminal 10 
as possible. An electrolytic capacitor should be used for C1 if 
the power supply is poorly regulated to avoid ripple at the 
output. , 

Capacitor C6 at Terminal 15 provides over-all compensation. 
{f a 1000-pF capacitor is used for C6, then the first breakpoint 
for a 46-dB closed-loop gain occurs at 200 kHz. Higher 
capacitance values will cause the constant current from 010 
to charge C6 on the positive voltage swing and thus limit the 
slew rate at high-signal levels. Because p-n-p transistor Q19 has 
a lower gain-bandwidth product (f+) than the n-p-n transistors, 
C7 is connected to Terminal 9 to compensate for gain losses 
occurring in the negative voltage swings. 


The use of the filter networks C8 and Rp at the output 
Terminal 6 is a standard requirement for class B audio outputs 


+ 
ce Ov 
0. ma 

4 + 

(0) = 100 uF 

. 

270 k2 
ro (14) 
1000 = ‘ G) = cg 
H Rp 6) © 500 uF 
= 
120 kQ 
ca 
(i6) (3) 4700 pF 
WY) ' c3 

: 5 pF (6) @) C7 

rT 220 pF 

t 

4 

' 

\ Ri & 25a | 
' 100 Qa 

' ace RL=8OR 16Q 
t (000 pF 

\ + os Ro 

H “100 pF 10.2 

4 

= 92Cs- 24973 


* 
A 1000-pF capacitor is required if input has an open circuit. 


- External resistors R1 and R2 are used only with the CA3132EM. When testing the CA3131EM, 
omit R1 and R2 and connect the (+) termination of C5 to Terminal 16. 


Fig. 3—Test circuit for types CAZIZ1EM and CA3132EM. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


SUPPLY VOLTAGE, Vt .... 0. occ ce eee eee 2BV 
CONTINUOUS OUTPUT POWER, Po (with 
Re = OR and S24) .caie ewsiecei drag ees 8 W RMS 
MINIMUM RECOMMENDED LOAD 
IMPEDANCE [Rip sincadie-wine nee edn aetna 82 
AMBIENT OPERATING TEMPERATURE, Ta 
(at 6W RMS Output Power) ................2-20-. 70 °C 
STORAGE TEMPERATURE RANGE ........... —55 to +150 °C 
INV INPUT V7 OUTPUT 
INPUT COMP GNO NC vt COMP 


CA3131EM— CA3I32EM 


TOP VIEW 


OUTPUT NC NC 


92CS- 24139 


NON-INV. BIAS V™ 
INPUT SOURCE GND 


Fig. 1—Terminal assignment of the CA3131EM and CA3132EM. 


driving reactive speaker loads. Capacitor C8 compensates for 
the speaker inductance and Rp limits the current surges 
through C8. 


The value of the coupling capacitor C9 to the Joad determines 
the low-frequency response of the amplifier. 


Closed-Loop Gain 


The closed-loop gain for either type is set by the ratio 
(R1 + R2)/R1. These resistors are included in the CA3131EM 
circuit and are external when used with the CA3132EM. In 
either type, the low-frequency value (—3 dB point) is reached 
when the impedance of C5 equals the value of R1. 


t 


INPUT RI 
100 2 


on 
al er HANA HH 


----#----------------5 


NOTE: AMPLIFIER CIRCUIT IS IDENTICAL FOR 
BOTH TYPES EXCEPT FOR INV. INPUT AND 
FEEDBACK LOOP (INCLUDING R1 AND R2). 
THESE CIRCUIT ADDITIONS, SHOWN WITH DOT- 
TED LINES, APPLY ONLY TO TYPE CA3131EM. Vc 


Fig. 2—Schematic diagram of types CA3131EM and CA3132EM. 


Power Output 


Closed-Loop 


Supply Current 


Total 


SOURCE 


CA3131EM, CA3132EM 


Features: 

@ Power Output: 4W min., 5 W typ. 

= Complete amplifier including: preamplifier stages, 
power-output amplifier, and integral heat sink 

® High power-supply rejection ratio 

= Operating voltage: V* = 24 V typ. 

® Available with internal feedback (CA3131EM) 
or without feedback (CA3132EM) 


ELECTRICAL CHARACTERISTICS at T, = 25°C, vt=24V 


Characteristic |Sym- Conditions 
fomracwine foyer] canton eT 


Input 


| Values | 


Impedance 


Rp = 8 


Gain — 
CA3131EM 


Ry = 162 


A |f=1kHz 


Zero signal 


Harmonic 
Distortion 


OUTPUT 


BIAS INPUT OUTPUT v~ 


COMPENSATION GND 


92CM-24137 


92CS- 24974 


Bottom view 


Fig. 4—Printed-circuit board (actual size) containing 
the test circuit, shown in Fig. 3, for the 


CA3131EM, 
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CA3134G, CA3134GM, CA3134GQM 
TV Sound IF and Audio Output Subsystems 


The RCA-CA3134 combines the sound if MAXIMUM RATINGS, Abso/ute-Maximum Values: CA3134GM, 
and audio output subsystems on a single , CA3134G CA3134GQM 
monolithic integrated circuit to provide a DC SUPPLY VOLTAGE (Between Term. 1, 
television sound system for color or black V+ and Terms.4, audio-output ground and 
and white applications. Each device includes 13, substrate) . oe eee — 33 33 Vv 
a multistage if amplifier-limiter, and fm INPUT SIGNAL VOLTAGE (Between | 
detector, and an audio power amplifier that TE eet MP Ge Ss 8 Be ge th = = 

DEVICE DISSIPATION: 
is designed to drive an 8-, 16-, or 32-ohm With Infinite Heat Sink— 
speaker. Up to Ta = 70° Ge ik. te. ue Se es Bs eke ee 65 — 3 
The CA3134 is supplied in the hermetic ——yirr ng tg bn aa i oe - mee 
Gold-CHIP, which is of the sealed-junction Up to Tg = 28 ( Oe. oe > kee thoes Ae oe 1.4 = WwW 
type designed to provide protection against Above T, = 2c Ct«;s . .  . Gerate linearly 11.1 — mw/°C 
the deteriorating effects of humidity and With Copper-Strap Heat Sink— 


other surface contaminants without the need Soldered to PC Board 


Up to Ty = 25 Co e. aee es tg ae ee ia 3.9 w 
for a hermetic package enclosure. This Above Ta =25 C . . . . . . derate linearly — 31.2 mw/ C 
hermetic chip is encapsulated in a 16-lead Unsoldered 
* ae " . . ° 
plastic “power stud” dual-in-line package, UptoTa=25C 2. 2. 2 1 ew ee eee _~ 2.5 Ww 
which has an inherently low junction-to-case AboveTa=25C . . . . . . derate linearly | 2 20 mw/ C 
(stud) thermal resistance. This package lends THERMAL RESISTANCE 6 
‘tself id : fh ink ii Junction to Stud... ee elie. Gao te.. tap 12 12 C/W 
itse 10 a wide variety © eat-sink methods, AMBIENT TEMPERATURE RANGE: | 
depending on the application requirements. Operating . . . . 2 ee eee 40 to +85 °c 
. Storage . . . Wm es. age cSt etatiaien O10 # TSO) jo Cc 
The CA3134G is supplied in the 16-lead LEAD TEMPERATURE (piling Solaeeinagl: | 
plastic “yower stud” dual-in-line package. At a distance 1/16 in. 1/32 in. (1.59 40.79 mm) ; 
ah from case for 10 d Se ca aS oes OR Ce eee IS eee 
The CA3134GM and CA3134GOM are simi- COME Pe a era e " 
lar to the CA3134G except that they in- 
corporate a tin-plated copper-strap heat sink. 
The CA3134GQM also has quad-formed leads. ae 
Ovt=30 Vv _ _ —— UNATTENUATED 
Race ges eens 
; rede | Jae ¢ age * GROUND TERM.8) 
Features: 100 pF ac nc | ane. +e 
ToO= S oe = 


= Output power 3W (typ.) at Vt = 24V, Ry = 162 
® Power amplifier with current limiting and 
thermal shutdown 


REGULATED 
POWER 


UNATTENUATED: 
AUDIO 


ee ee oe ee 


J 


: SUPPLY OPTIONAL | 
= Wide power-supply range: 12V to 33V (BYPASS 
car THERMAL & see 
® Low quiescent current: 30 mA typ. CURRENT UPON POWER ' 
ati “tii SENSING 
= 5-kHz deviation sensitivity: 1W output typ. SOUND TAKE —_OFF Sun GOWN a 
® 3-dB limiting sensitivity: 200 yV typ. . 
® Excellent AM rejection: 50 dB typ. ee piceeaawie up S 100 WF 
® Differential peak detector—requires one tuned coil DETECTOR ATTENUATOR PL, - 
: aes 1 
= Electronic volume control with improved taper © 272 q 
: . OsusstraTte | (4) 
8 Optional unattenuated audio output 0.047 pF 0.01 pF 
# Optional power-supply ripple by-pass ar (3) Onn (6) A) ae 
® Hermetic Gold-CHIP ie 0.047 uF 
- R 
7540 S100-0F 0.01 mF = 
DE - EMPHASIS 
VOLUME CONTROL reac AHA 
vO 9 TOF Ehuaron © 6.8 DF 4700 af VOLUME CONTROL 
AUDIO AMPLIFIER ; le | (LINEAR TAPER) 
OUTPUT = al : 
RF INPUTS 
GROUND (3) | 
. AUDIO AMPLIFIER ; 5 
GROUND (4)— (13) SUBSTRATE GROUND 
NO CONNECTION (S) Ee Ronie ATTENUATOR 
Fy eee. VOLUME CONTROL | ALTERNATE 
BIRT CE BE Enes FM DETECTOR (AUDIO TAPER) | VOLUME - CONTROL 
AUDIO AMPLIFIER) TUNING | circuit 
ae AUDIO OUTPUT FROM 
UNATTENUATED : 
auoio output & (@) ELECTRONIC 
92CS-25650RI 92CS-24(35R3 
Fig. 1 — Terminal diagram of the CA3134G, Fig. 2 — Block diagram of the CA3134 in a typical circuit application. 


CA3134GM, and CA3134GQM. 
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CA3134G, CA3134GM, CA3134GQM 


ELECTRICAL CHARACTERISTICS 
Test Conditions: T, = 25 C, Vt = +30 V (applied to Term. 1), DC Volume Contral, 
Ry = 75 kQ, Ry = 16 2, unless otherwise indicated. Refer to Fig.2 


CHARACTERISTIC SPECIAL TEST LIMITS UNITS 
CONDITIONS } Min.| Typ. | Max. | 


Static Characteristics 


Current into Term. 1, ly 


Dynamic Characteristics 

IF AMPLIFIER: 

Input Limiting Voltage, 
Vj; 5 (li m) 

(at —3 dB point) 


fo = 45 MHz 
fr = 400 Hz 
Af = +25 kHz 


ie) = 4.5 MHz, fry = 400 Hz, 
Modulation !ndex = 0.3, 
Vi5 = 20 mV 


AM Rejection, AMR 


DETECTOR: 
Recovered af Voltage 
(Term. 9), Volaf) 


Total Harmonic Distortion, 


fo = 4.5 MHz, fm = 400 Hz, 
Af = +25 kHz, Vi5 = 100mvV 
(THD) 


ATTENUATOR: 
Maximum Attenuation Ry =0 


UNATTENUATED AUDIO: 
Recovered af Voltage 
(Term. 8), Voclaf) 


fo = 4.5 MHz, f,, = 400 Hz, 


= + = 
Total Harmonic Distortion (THD) Af = £25 kHz, Vy5 = 100 mV 


AUDIO POWER AMPLIFIER: 
Voltage Gain, Al(af) 


System Total Harmonic 
Distortion 
THD (System) 


f=1kHz 


Po = 1 W (Iz = 140 mA typ.) 


Po = 2W (ly = 180 mA typ.) 


THD (System) = 10% 
Power Output, Po (I+ = 210 mA typ.) 
f= 1 kHz 


* With suitable heat sink for the CA3134G. 


input Resistance, (Rj (af) 


MAXIMUM OUTPUT POWER (Po 


AMBIENT TEMPERATURE (Tag )= 25°C 
2} FREQUENCY (f)* IkHz 

MAX. SUPPLY VOLTAGE (V+)= 33V 

THO"1I0 % 


10 
FECTIVE LOAD RESISTANCE (R, )—2 
eErES L 92C8- 30535 


Fig. 3 — Maximum output power as a function of 


a 
a] 
’ 
n” 
a 
w 
a 
oO . 
w 
ao 


effective load resistance. 


{ 
OUTPUT POWER (Po)—W 9208-30834 


Fig. 4 — Total supply current as a function of 
output power. 


AMBIENT TEMPERATURE (Tag }=25°C HHH 
6] LOAD RESISTANCE (RL)*162 


SUPPLY VOLTAGE (vt)*30 V 


POWER DISSIPATION (Pp)—W 


2 
POWER OUTPUT (Po)—W 


92CS$- 30536 
Fig. 5 — Power dissipation as a function of 
output power. 


REFERENCED TO RECOVERED AUDIOAT TERM. 9 
VOLTAGE CONTROL AT MAX. ,f¢#4.5 MHz, fy*400Hz 
Af *225 kHz 


' 10 
RF INPUT LEVEL AT TERMS. 14,15—mV — 92cs-30537° 

Fig. 6 — Recovered audio, and signal-to-noise 
ratio as a function of rf input level. 
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CA3134G, CA3134GM, CA3134GQM 


| BIAS CIRCUIT FOR RF SECTIONS 


RI R2 ; R4 R7 
20k 100 400 440 


R3 
200 


(15) 
4 
RF 
INPUTS 
THERMAL 
H 
| : I 
| d 
| K 
POWER 
SUPPLY 
RIPPLE 
BYPASS 
SUBSTRATE by 
GROUND M 
N 
0 
AUDIO POWER 
AMPLIFIER WITH 
| CURRENT LIMITING 
(A) AUDIO. AMPLIFIER 
INPUT 
RESISTANCE VALUES ARE IN ONMS Sih isegilal 


Fig. 7 — Schematic diagram of the CA3134 


OPERATING CONSIDERATIONS 


The CA3134GM, which incorporates the 
tin-plated copper-strap heat sink, was used 
to obtain the power measurement values 
given in this data bulletin. 


A heat sink, similar to the type attached to 
the CA3134GM, may also be used with the 
stud-type CA3134G. A recommended pro- 
cedure for attaching the heat sink to the 
CA3134G is described as follows: 
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Apply a non-conductive epoxy (Uniset 
structural adhesive or equivalent) to the top 
side of the plastic package. Then apply a 
conductive epoxy (DuPont 5504A or equiva- 
lent) in the hole of the heat sink and around 
the stud projecting from the plastic package. 
To assure good thermal conduction, use 
sufficient conductive epoxy to allow the 
excess to be forced through the hole when 
the heat sink is fitted over the stud. Stress 


applied to the stud should be limited to less 
than 0.34 newton-meters (3 in-lb) of torque 
66.7 newtons (15 Ib) of tension, and 444.8 
newtons (100 Ib) of compression. 


The assembly when soldered to a 7.6 cm 
(3 in.) x 10.2 cm (4 in.) PC board has an 
overall thermal resistance (4 junction-to- 
Ambient) of 32°C/W. 


I UNAT TENUATED 


UNAT TENUATED 
(8) AUDIO OUTPUT 


ELECTRONIC ATTENUATOR 


CA3134G, CA3134GM, CA3134GQM 
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Fig.7 — Schematic diagram of the CA3134 . 
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CA3135G 


TV Luminance Processor 


“G" Suffix Type — Hermetic Gold-CHIP in 


Dual-In-Line Plastic Package 


The RCA-CA3135G monolithic silicon inte- 
grated circuit operates from a 12-V supply 
and is used as a low-level luminance 
processor in TV applications. It performs 
the function of video and chroma amplifi- 
cation and allows the gain of both channels 
to be adjusted with a single control voltage. 
The dc level of “‘black’’ is maintained by 
clamping the level of the ‘back porch” 
(black-level reference) of the blanking in- 
terval. This clamping feature provides for 
100% dc restoration. Vertical blanking is 
applied to the luminance as well as to the 

‘ chrominance channel so that vertical inter- 
val test signals (VITS) interference is elimi- 
nated. Automatic brightness limiting (ABL) 
is accomplished by gain reduction in the 
luminance and chrominance channels while 
maintaining black level. 


The CA3135G is supplied in the hermetic 
Gold-CHIP 16-lead dual-in-line plastic pack- 
age (G suffix). The chips used in the 
hermetic Gold- Chip plastic packages are 
of the sealed-junction type designed to 
provide protection against the deteriorating 
effects of humidity and other surface con- 
taminants without the need for a hermetic 
package enclosure. 


System Features: 
= Single gain control for luminance and 
chrominance channels 


= 100% dc restoration with “back porch’ clamp 


Vertical blanking of both luminance and 
chrominance channels 


Automatic brightness limiting 
Operates from a 12-V supply 
Hermetic Goid-CHIP construction 
Gold-CHIP metallization 
Silicon-nitride passivated 
Platinunrsilicide ohmic contacts 


VOLTAGE REF (i) (16) GAIN CONTROL 


MAX!IMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY VOLTAGE: | 


Atterminal9: 4) 2. lah em a a ee a er ee Ser oR oR oa es AE ee a 28 +V 

At terminal tae.) 4: te me. ewe Oe ee Sb Be ee ee Se ob ee ee 15 V 
DC SUPPLY CURRENT: 

AbterminglS 5-99 4 # wm a G-. Se &. 2. Sir te Sow ek A OR Rw 30 mA 

At terminal 14. Bap ue wien On eta Xei tg? . Sod Ore! Gt Aer Mex, tte oe GR af “ak Ge es A 50 mA 


DEVICE DISSIPATION: 
Up toTa=55 C 
AboveTa=55C . ... . 
AMBIENT TEMPERATURE RANGE: 


a Gh a ON a, 750 mw 
. Derate linearly at 7.9 mW/ C 


Operating . 40 to +85°C 

Storage . . ...... . . -65 to +150°C 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 seconds max. . +265°C 


STATIC ELECTRICAL CHARACTERISTICS at T, = 25°C (See Fig. 3) 


CHARACTERISTIC TEST CONDITIONS 


S2=closed S3=open 
Supply-Voltage Drop | S1,S4,S5,S6,S7,S8 = 1. 
Measure across 10 {2 resistor 
$2,S3 = closed 
$1,S6 = 2 
$4,85,S7,S8 = 1 
Measure term. 13 to ground 
$2,S3 = closed 
$1,84,S5,S7 = 1 
$6,S8 = 2 
Measure term. 6 to ground 
S2= open Ref.=+12 V 
$3 = closed 
$1,S84,S5,S6,S7,S8 = 1 
Measure across 82 k{2 
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$2 = open 
S3 = closed 

S1=1 
$4,85,S6,S7,S8 = 2 
Measure across 1 kQ2 


Video Bias Level 


S2 = open 
S3 = closed 

$188 = 1 
$4,S5,S6,S7 = 2 
Measure across 1 k{Q2 


Luminance Blanking 


| 


Chroma Blank 


Setup same as above, 112 
AUTOMATIC BRIGHTNESS (9) ridacuire dere 6 10.38 


SMATeR LARC (15) LUMINANCE INPUT 


(OR OPTIONAL ABLY ((4) 6* Ch 
CHROMINANCE INPUT (4) (13) LUMINANCE OUTPUT roma Input 


x 


Impedance - 


3 


ee : 
on 


VERTICAL PULSE 
INPUT 
PIX PEAKING 


Max. horizontal input = 10 Vp-p 
Max. vertical input = 2 Vp-p 


TOP VIEW 
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DYNAMIC ELECTICAL CHARACTERISTICS at Ty, = 25°C (See Fig. 4) 


CHARACTERISTIC TEST CONDITIONS LIMITS 


UNITS 

css ae 
S$1,S2=1;S3,S4=2 

Min. Video Gain 


Vin = 70 mVRmus, 
= 100 kHz, Vg = 12 V 


S2=1:S$1,S3,S4=2 
Vin = 70mVeRwus. 
f = 100 kHz, Vig =0V 


S2,S4 = 1,$1,S$3=2 
Vin = 70 mVRus: 
f = 100 kHz, Vig =0V 


$1,S3 = 1;S2, S4 = 2; 
Vig= 12 V: chroma in = 530 mVems. 
f = 3.58 MHz 


S3 = 1;S2 = 2, Vig =0V; chroma in; 
S1=2,S4=2 
5930 MV Rys, f =,3.58 MHz 


S2 = 1,81, $3, S4 = 2 
Vin =70 mVpms: V1ig6=90 V; 
f = 3.58 MHz 


$3 = 1;52= 2; Vig =O0V; 
chroma in; S1 = 2, S4 = 2 
930 mV ays, f = 3.58 MHz 


Vary Vt from 10.8 V (REF.) to 13.2 V 
V16 = 50% of VteST S3=4 
S2,S4=2 
Vary Vt from 10.8 V (REF.) to 13.2 V 
V16 = 50% of Vt;S1,S2=1 
S3,S4=2 


Max. Video Gain 


Limited Video Gain VRMS 


Min. Chroma Gain VRMS 


Max. Chroma Gain VRMS 


Video Freq. Response VRMS 


Chroma Phase Angle Degrees 


one 
= | 


Chroma Gain 
with Vt 
Variation 
Video Gain 
with Vt 
Variation 


Typical max. luminance input before clipping (f = 100 kHz): 

V16 INPUT 
+12 V 2.5 Vp-p 
+6V 0.75 Vp-p 

OV 0.45 Vp-p 

+12v 
© 
82 Ko 
(+) HORIZONTAL PULSE OPTIONAL 
or INPUT (7V p-p TYP.) SHARPNESS 


0.22p Ms 
PUT ae zr PIX 
©® Z@ O-1G Penne ey 
. O 


iNeUT e TaMiee 
TO PIX TUBE 
CURRENT SENSOR “Uh om CB) ~ >) it 
BRIGHTNESS 10KQ Lb 0.01 pF 
LIMITER (2) 
ABL 
( eV ee ck oa 
50ka GAIN 
CONTROL O 
CHROMINANCE Pe 
INPUT Ke ZA 
0.0lpaF 
() Qe TIONAL (6) (5) (19-47) 
0.01 nF +12 .V = (-) VERTICAL 
= aa et =< PULSE INPUT 
CHROMA “LUT (2 V p-p TYP) 
OUTPUT 
TO CA3IZIE 


92CM-26060R! 


Fig. 1 — Block diagram. 


CA3135G 


CIRCUIT DESCRIPTION 
(See fig. 2 for schematic diagram). 


A video (luminance) signal from the re- 
ceiver’s ‘‘second detector” is coupled through 

a Capacitor to term. 15 with sync-negative 

polarity. For purposes of the following 
amplifier, the level is clamped at the most 
negative point (sync tips) at the input (this 
is pat the point at which the final “black’’- 
level clamping, or dc restoration, is per- 
formed). The capacitor at term. 15 is charged 

on the most negative excursions of the signal 

by conduction of Q4. Positive signal excur- 
sions lift the emitter of 04 into cutoff. The 
signal voltage on R3 develops a signal current 

in Q6. The current passes through Q7 and 
Q8, the division of current depends on the 
condition of the gain-adjusted signal voltage 
on the load resistors (discussed below). The 
gain-adjusted signal voltage on the load re- 
sistors is converted to current by the emitter- 
follower 014 into R9, and fed into the cur- 

rent mirror, Q15, Q16, and Q17. The output 
of the current mirror develops a voltage across 
R13. The dc level is shifted by withdrawing 
some current from the input to the mirror. 
The fixed dc-level shifting current is de- 

veloped in R6 and its diode string and is 
mirrored in Q13. Because the dc level is 
altered by adjustment of the gain, compen- 
sating dc currents that depend on these ad- 
justments are fed into the mirrors through 


R13 and R29. The compensations are ar- 
ranged so that, as gain is varied, the dc level 
of “black” is approximately constant at the 
output term. 13. The output is driven by 
emitter follower Q18, which has a short- 
circuit pulldown protection circuit, R14 and 
Q19. A constant-current source Q20 loads 
the emitter-follower to prevent distortion in 
the emitter-follower that may result from 
using a resistive load. The constant current 
is derived by mirroring the current in the 
diode D23. The resistor R15 prevents 
serious interaction with another current 
source mirrored from this point in case Q20 
saturates. 


The video output signal at term. 13 is coupled 
by a capacitor to term. 12. The polarity has 
not been inverted by the first amplifier, and 
sync is in the negative direction at this point. 
Black-level clamping is accomplished by 
application of a flyback pulse to term. 10. 
Between pulse peaks, Q29 is not conduct- 
ing, and the base of Q24 goes up to the 
supply voltage so that term. 12 can be at any 
voltage between ground and the supply. 
While the flyback pulse is positive, that is 
during the blanking interval, the base of 024 
is held at about 2.8 volts. The most positive 
signal excursion during that time will cause 


Q24 to conduct with the result that the 


capacitor feeding term. 12 is charged until 
the most positive point of the signal is just 
at the conduction point, about 3.5 volts. 
The most positive part of the signal during 
blanking is the ‘‘back porch” or black-level 
reference. During trace time, the signal 
swings more positive, but the dc level of 
black is preserved regardless of the levels 
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CA3135G 


a ee ee ieee Sa a ee ee ee ee 
-_ VIDEO (LUMINANCE) 


LUMINANCE | 
INPUT 


© 


GAIN 
CONTROL | 


of sync or video signals. Term. 12 is a high- 
impedance point, and the emitter-follower 
Q26 is used to bring the signal out to term.11. 


The signal voltage at term. 11 is directly 
coupled through a resistor to term. 8, gener- 
ating a current in term. 8. This current is 
amplified 10 times by the current mirror 
Q51, Q52, and Q53. Blanking during the 
vertical retrace interval is accomplished at 
Q50 via term. 7. Term. 7 is normally high 
enough to keep Q49 in saturation. A nega- 
tive pulse from the vertical circuit cuts 
Q49 off, allowing some of the current 
through R51 to saturate O50. When O50 
sinks the term. 8 input current, there is no 
output from term. 9 — as if the signal were 
blacker-than-black. The output current from 
term. 9 is used to drive the receiver’s RGB 
matrix and the amplifiers that drive the 
picture tube. 


The chrominance signal is taken from the 
first chroma amplifier following the auto- 
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Fig. 2 — Schematic diagram 


matic chroma control (ACC) and coupled 
through a capacitor to term. 4. The signal is 
attenuated by R38 and R37 and applied to 
an emitter-follower amplifier which drives 
the emitter of Q43. The current is steered 
through Q40 and Q41 depending on the 
gain-control conditions to the load resistors. 
An emitter-follower Q46 feeds term. 6, and 
R46 and Q45 provide short-circuit protec- 
tion. The chroma amplifier is also blanked 
via the input at term. 7. The negative pulse 


at term. 7 allows the current through R51 


to feed the base of 044 (as well as the base 
of the video blanker, Q50). When 044 satu- 
rates, the current is cut off in Q43 to disable 
the amplifier. 


The combined gain control for the video 
and chroma sections is operated by vary- 
ing the voltage on term. 16 between ground 
and the positive supply. Term. 16 has an 
emitter-follower Q31 loaded by a current 
source Q32. The voltage on term. 16 then 
determines whether the flow of current in 


R31 goes through Q36 or through Q33 to 
the resistors R24 and R26. The current on 
the Q33 side, a portion of the total current, 
is varied linearly by the control voltage. The 
gain-control amplifiers are slaves which follow 
the linear current control. The transistors 
Q34 and Q35 are driven as Darlington stages 
to reduce base-current effects in the control 
circuit. The normal gain-control function 
causes a change in the voltage on the base of 
Q34 with respect to the reference voltage at 
the base of Q35. The gain can also be 
changed by altering this reference voltage. 
This change in reference voltage is also used 
for ‘brightness limiting’. The picture-tube 
current is sensed, and, when it exceeds some 
predetermined level, a voltage applied to 
term. 2 turns Q38 ON to reduce the refer- 
ence voltage, thereby reducing the gain. 
Under these conditions, there is a closed 
feedback loop; the gain is set at a point 
such that the picture-tube current is just 
sufficient to cause a little conduction in Q38. 


BUFFERED 
LUMINANCE CLAMPED HORIZ. 
OUTPUT CLAMP VIDEO PULSE _INPUT 


(5) (6) (7) ALL RESISTANCES ARE IN OHMS 
CHROMINANCE VERT. 
See Bory PULSE 
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Fig. 2 — Schematic diagram 
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Fig. 3 — Static characteristics test circuit. 
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Fig. 4 — Dynamic characteristics test circuit. 
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SUPPLY VOLTAGE (V*) — Voc 92CS-30872 


Fig. 6 — Typical maximum linear luminance volt- 


age at terminal 15 as a function of supply 
voltage. 
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30] AMBIENT TEMPERATURE (Ta)= 25°C 
INPUT AT TERM.4= 530 mVRMS 
FREQUENCY (f)= 3.58 MHz 


Ht} 


20H 


CHROMA AMPLIFIER PHASE SHIFT 
{TERM.4 TO TERM.6)— DEGREES 


10 T 12 13 
SUPPLY VOLTAGE (V+) — Vpo¢ 


_ 92CS - 30873 


Fig. 7 — Typical chroma amplifier phase shift as a 
function of supply voltage. 
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Fig. 9 — Typical gain-bandwidth response. 
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"| FREQUENCY (f)=3.58 MHz 


1 
z 
= 
x 
ui 
E 
w 
oO 
re 
= 
4 
unde 
> 
a 
= 
< 
3 
x 
5 
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Fig. 5 — Typical chroma amplifier maximum 
linear voltage as a function of 
supply voltage. 


3] AMBIENT TEMPERATURE (Tq) * 25°C 


FREQUENCY (f) = 100 kHz 
SUPPLY VOLTAGE (Vt) #i2V 


INPUT AT TERM. 15 — Vp-»5 


0 5 10 15 
OUTPUT AT TERM. 9—Vp-p — gacs- 30875 


Fig. 8 — Input voltage as a function of output 
voltage. 


Preliminary Data CA3136E 


TV Video IF peatures: 
Phase-Locked-Loop 
Synchronous Detector 


for Color TV Receivers 


® PLL carrier oscillator with wide pull-in and hold-in range 
® Excellent low-level detector linearity " Automatic Fine Tuning (AFT) Detector 
@ Noise inversion at video output ® Separate output for sound take-off 


@ Wide range, variable zero-carrier # 12-volt power suonly 


The RCA-CA3136E is a linear IC synchro- 
nous detector employing a phase-locked 
oscillator to demodulate the 45.75-MHz 
video if signals in color-TV receivers. The 
CA3136E features AFT voltage for de con- 
trol of the tuner; an adjustment for the 
zero-carrier dc level at the video output 


level adjustment 
terminal; an amplifier arrangement for in- 
verting noise impulses toward the black 
level; and a separate output terminal (non- 
inverting) for the sound if. 


The CA3136E is supplied in a 16-lead 
plastic ‘‘power-stud”’ dual-in-line package. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


Power Supply Voltage . 
Power Supply Current . 
Input Signal Voltage - 
Device Dissipation: 

With no Heat Sink: 
Up to T, = 25°C 
Above T, = 25°C 

With Infinite Heat Sink: 
Up to T, = 70°C 
Above Ty = 70°C 

Thermal Resistance: 


. 15V 
. 100 mA 
1 Vrms 


ln os G 1.4W 
derate linearly at 11.71 mW/°C 


wae SOS wc et 6.5W 
derate linearly at 83.3 mwW/°C 


LIMITER 
apes (i6) AFT TUNING 
LIMITER 
TUNING (15) AFT TUNING 


GROUND (V7) (3) (14) AFT DEFEAT 


VIDEO IF 


out (13) GROUND (V7) 


APC FILTER (5) (12) AFT OUTPUT 


ZERO-CARRIER 


VCO TUNING (6) BIAS ADJUST 


VIDEO OUTPUT 
(NEGATIVE~ 
GOING SYNC.) 


VCO TUNING (7) 


SOUND 
TAKE-OFF 
OUTPUT 


TOP VIEW 


92CS - 28845 
TERMINAL DIAGRAM 


SUGGESTED GENERAL ALIGNMENT 
PROCEDURE 


Rp jg (Junction to Stud) 12°C /w Fig. 1 shows a block diagram of the CA3136 
Ambient Tempersiure Range: in a typical circuit indicating the internal 
Operating —40 to +85°C functions as well as the external circuitry 
Storage... —65 to +150°C and signals. A 45.75-MHz, 100-mVrms (50- 


Lead Temperature (During Soldering): 
At a distance 1/16 in. 1/32 in. (1.59 £ 0.79 mm) from case 


ohm) signal is applied to the VIDEO IF IN- 
PUT (Terminal 4). While monitoring the 


for 10 seconds max. 265°C VIDEO OUTPUT (Terminal 10), make the 
following adjustments in the indicated se- 
quence; (1) adjust the VCO TUNING coil 
for ade signal (lock). (2) Adjust the LIMITER 
AFT DEFEAT NO APE FILTER es ae ae vto BIAS ADJUST TUNING coil for a minimum dc voltage on 
Lz 0. 
S20 TSF | ccioo  doK Seq SONG Terminal 10. (3) Adjust the VCO TUNING 
9.001 i 7 
aimed cm a Ono (i) ee ee coil for 5.2 Vde on Terminal 5 (with 12 volt 
os PR eae AC Ree eee | DOr teat Ea (A RNY (Lee CEN eae ee) een ee es supply on Terminal 8). (4) Close the AFT 
| ACP ibaa DEFEAT switch and note the dc voltage at 
| SS cS Tae the AFT OUTPUT (Terminal 12). (5) Return 
| AFT | the AFT DEFEAT switch to its open po- 
AFT TUNING | Anne. NOISE | sition, and adjust the AFT TUNING coil 
a (0) 
maga | SANE io BER for the same dc voltage noted when the 
pees Se | AFT DEFEAT switch was closed. (6) Re- 
24 oF | DETECTOR vco > move the rf input and adjust the ZERO 
(6) | a AMR: | CARRIER BIAS potentiometer for 7 volts 
Ls 0.4,yH | | | dc on the VIDEO OUTPUT (Terminal 10). 
ace | | This final adjustment completes the alignment 
330F APC PHASE SYNCHRONOUS procedure 
ae DETECTOR SETECTOR | ; 
(2) | 
LIMITER 
TUNING | j ‘ | 
| | 
| | 
| | VIN 
DD as, Sok teste hoe fa lees seater eet eet GS hay itt a ea eee a 7V Vio (MODULATION 
DETECTOR ENVELOPE) 
(4) ALL RESISTANCES IN OHMS 2 Gureut 
: RANGE 
VIDEO IF INPUT 
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Fig. 1 — Block diagram of the CA3136 in a typical circuit application. Fig. 2 — Typical detector output linearity. 


383 


-CA3136E 


AFT OEFEAT AFT OUTPUT 


ii i i a a ce, a es ea a aig. at as le gS Sage ls ide a Na aah” Es ieee wag ES nei ah se ae Ee ek ee A 
r T 
ran AFT PHASE DETECTOR AFT | INVERTING AMP 


| 2.2K ane = ? 
PEE EEE 
| ——— Le mind dae O23 
[re ET 
, bp. ee fos 
: i 
| 
| 


tree (| te] | 
a l 


(18) 
arr |! 
TUNING| 
(6) 
| 22k 
| 
| rie 
QO 
es ae 
eee aoe 


TN eet 
me, 1 Oes ci- tea ott ong ——— 
: Hest rere Te] 
ee | Lesh 
A ene 


Xo wm DS GN 


mi 
v7 OZ 


pes ‘ 
ark 5 a7 | pee gga 
24h 2.4K2 2100 
27pF 820 : 
GND ax | 4k 
© ‘o_ a 
ele LIMITER 4 APC PHASE CETECTOR : 
CO ZERO CARRIER ABE IAEA 
VIDEO BIAS ADJUST 
tF INPUT (i) 
A mee ems mn eee eet | meets teeters eh et ete ees meee eee ce mt ee eee cee wre ens Somme wenn etm eer comm meee i ene mes ee es ees fe og me eo eee mee sete 
1 
AMP NON- INVERTING AMP ‘Rois 1 


ia) 


. Hire tel, 


gia 


D 
oe 
UND 
E ans Qea joureur™ 
2) 
4 os gre | sae Ue Ee | 
G pI 0 
(neces (ERE: eee re © 
* eee een aa ed 
J 
K 


a 


© 


© vco @ 
TUNING 


F. 19. 3 — Schematic Qiagram. 92CL- 28649 
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TYPICAL ELECTRICAL CHARACTERISTICS 
At Vt = 12 VDC, f, = 45 MHz, Tp = 25°C 


TEST CONDITIONS VALUE UNITS 

ee ee 

Zero Carrier Bias Adjust 
Vbc 


CHARACTERISTIC 


Supply Current 


Video-Output Voltage 

Noise-Inversion Offset 
Voltage 

Sound |F-Take-Off Output 
Voltage 

AFT Output Voltage 


Oscillator Pull-In Range 
Oscillator Hold-In Range 
Detector Conversion Gain 
Video Bandwidth 

Carrier Rejection at Video 


Output: 
fc = 45 MHz 
2 fc = 90 MHz 
Video IF 


Parallel Input Impedance: 
Resistance at Term. 4 


Capacitance at Term. 4 
Sound Take-Off Output 
Resistance at Term. 9 
Video Output Resistance at 
Term. 10 


CA3136E 
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Fig. 4 — Typical AFT output of CA3136. 


AFC DC VOLTAGE (Vj9)I-V 


CA3137E 
TV Chroma Demodulator 


Features: 


= Balanced chroma demodulators 

® Color difference matrix (6500°K) 

® DC tint control 

@ Three low-output-impedance drivers for 
direct coupling 

Reference subcarrier limiter 

Internal RF filtering 

DC chroma gain control 

Dynamic “flesh correction” —— 
corrects purple and green flesh colors 
without affecting primary red, green, and 
blue colors 

@ Requires few external components 

= No tuning adjustments are necessary 


The RCA-CA3137E is a monolithic silicon 
integrated circuit that performs the demodu- 
lation, dynamic “flesh correction’, tint con- 
trol, and chroma gain-control functions. It 
is designed to function compatibly with the 
CA31260 Chroma Processor, and is supplied 
in the 16-lead dual-in-line plastic package. 
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Fig.1 ~ CA3137E terminal assignment. 
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Fig.2 — DC test circuit. 
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MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C 


DC SUPPLY VOLTAGE (between Terms. 5 and 12) 13.2 V 
DEVICE DISSIPATION: 
Up to Ta = 55°C . 750 mW 


Above Ta =55°C. 2. 1. wn derate linearly 7.9 mW/°C 
AMBIENT-TEMPERATURE RANGE: 

Operating 

StOPaGG . — sa we Ss oe a CE ee a! 
LEAD TEMPERATURE (During soldering): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) 

from case for 10s max. 


—40 to +85°C 
—65 to +150°C 


+265°C 
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Fig.3 — Functional diagram and typical dynamic test circuit. 


ELECTRICAL CHARACTERISTICS AT Tag = 25°C, Vt = 11.2 V 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


STATIC (See Fig.2) 


Supply Current 


| Min.| Typ. | Max. 


3k] as 


=| 
< 
Ze) 
o 


| j E 
i ia Oe 
zo) Ns : 


x 


Maximum Color Differ- 
ence Outputs: 
R-Y 


V16 = 400 mV p-p, 
V3 = 300 mVp-p 


“Flesh Detector’ 
Reference: 


Set-Up: 
Term.2=1.6 V 
Term.1=11.2 V 

Term.16 = 400 mV p-p 

@ 0° Reference Angle 
Term.3 = 40 mV p-p 

@ 10° Reference Angle 

$1 Closed (Term.15 at GND) 


Reference 
Set-Up 


= eet 


7 


“Flesh Detector’: 
Phase 


Amplitude 


“Flesh Detector”: 
Phase 


Amplitude 


Small-Signal Output 
Resistance (Terms.6,7,8) 


Small-Signal Input 
Resistance: 
Term.3 


Terms.9&10 


Same Set-up except 
Term.3 at 190° angle 


* 


Phase angle of term. 11 referenced to term. 16 phase angle. 
4 Phase angle of term. 11 with term. 1= 1.2 V minus phase angle of term. 11 with term. 1= 11.2 V. 
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Fig.4 — CA3137E Schematic diagram. 
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92CL - 28298 


Fig.4 — CA3137E Schematic diagram. 


CA3139E, CA3139Q 


TV Automatic Fine Tuning 


Circuit 


With Intercarrier Mixer/Amplifier 
For Color and Monochrome Receivers 


Features: 


® Cascode-type high-gain ampli- 
fier (15-mV input for rated 
output) 


® AFT differential peak detector 

® Differential amplifier 

® Bipolar outputs 

@ Five-stage intercarrier mixer/ 
amplifier 

@ Internal voltage regulator 


® For use in either color or 
monochrome receivers 


The RCA-CA3139 is a monolithic TV Auto- 
matic Fine Tuning (AFT) circuit that pro- 
vides an AFT voltage and an amplified 
4.5-MHz intercarrier sound signal. When con- 
nected to an output of an IF amplifier the 
CA3139 provides the signal processing (ampli- 
fication and detection) necessary to generate 
the AFT correction signals required by the 
TV tuner. It also mixes the video and sound 
IF carriers and amplifies the resultant 
4.5-MHz intercarrier sound signal. This sound 
output may then be connected to an FM 
detector such as the RCA-CA3134 “TV 
Sound IF and Audio Output Subsystem”, or 
the RCA-CA3065 ‘FM Detector and Audio 
Driver’. 


The AFT portion of the CA3139 is similar to 
the RCA-CA3064 AFT circuit with the 
following exceptions: (a) the AFT filter 


capacitors are external and user selectable, | 


allowing the detector to operate as a peak 
detector and resulting in a higher effective 
gain for the TV signal; (b) the detector bias 
resistor is external and user selectable, al- 
lowing the gain of the AFT and intercarrier 
signals to be adjusted; (c) the dynamic re- 
sistance of the shunt regulator has been 
decreased. 


The CA3139 is supplied in a 14-lead dual-in- 
line plastic package (CA3139E) or a 14-lead 
plastic package with quad-formed leads 
(CA3139Q). 


MAXIMUM RATINGS, 
Absolute-Maximum Values: 


DEVICE DISSIPATION: 
UB tOT AF 25°C i inis Saree eae 630 mW 
Above Tq = 25°C. ... .derate linearly 6.7 mW/°C 
AMBIENT TEMPERATURE: 
Operating.................. —40 to +85°C 
Storage... 2.0... 0. cece eee —65 to +150°C 
LEAD TEMPERATURE JOuring Soldering): 
At distance 1/16” + 9/32” 
(1.59 mm £0.79-0m) 
from case for 10s max. ............. 265 C 
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TO SOUND 
DETECTOR 


DC CORRECTION 
1ka VOLTAGES To 


INPUT 


Ome 
pF au ole 92CM-27124 
Fig. 1 — Block diagram and typical application of CA3139. 


MAXIMUM VOLTAGE RATINGS at T, = 25°C 


The following chart gives the range of voltages which can be applied 

to the terminals listed vertically with respect to the terminals listed 

horizontally. For example, the voltage range between vertical terminal MAXIMUM 

3 and horizontal terminal 12 is +8 to —1.5 volts. CURRENT RATINGS 
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NO 


4 Terminal number 7 may be connected to any * Voltages are not normally applied between 
positive voltage source greater than the internal these terminals. Voltages appearing between 
zener regulating voltage. through a suitable these terminals will be safe if the specified 
dropping resistor — provided the dissipation limits between all other terminals are not 
rating is not exceeded. exceeded. 

® This terminal should be connected to the most @ It is recommended that unused terminals 1 and 
negative potential of the complete circuit. 2 be grounded to act as shields. 


ELECTRICAL CHARACTERISTICS at Tg = 25°C, V+ = 28 V (Unless Otherwise Specified) 


See Test Circuit, Fig. 2 
LIMIT. 
= UNITS 


CHARACTERISTIC TEST CONDITIONS 


NO SIGNAL INPUT 


> 


Quiescent Voltage at Term. 3 


; 2 
Guicsee Ot Voltage at Tenis Term. 13 connected to Term. 14 
13 and 14 
Quiescent. Difference Voltage, 
Terms. 13 to 14 


~ 
op) 


f = 44.65 MHz 
Correction Voltage at f = 45.69 MHz | 1.2 | 44 = | Vv 
Term. 13 f = 45.81 MHz | 96 | 13.8 | 
f= 46 85 MH Ter [124 
f= 44.65 MHz SOP ia] 
Correction Voltage at f = 45.69 MHz | 96 | 13.8 | V 
Teun f = 45.81 MHz a ee ae 
(= 46.85 Mis roe a 
Two-Tone Input 
4.5 MHz Output f1 = 45.75 MHz at 15 mV 200 mVeMsS 
f2 = 41.25 MHz at 5 mV 


NOTES: 1. 17 = 12 mA maximum at V7 = 11 V. 
2.V13=055V7+t07V 


3. Resistor from term. 6 to term. 7 = 9.09 K{Q2. Crossover steepens and “‘bow tie” 
width increases when resistor is decreased in value. Total peak swing decreases 


slightly. 
vr 
O 
) 
8202 6 | SYMMETRY 
12.9V TUNING CENTER FREQ. 
: Le Tl TUNING 
7 R 
68 
7.7V 0.001 oF 
B] og £ 
Lav (3) (7) (10) 
SIGNAL Oe 
IG WAL 2 ~ SHUNT REG BIAS Ko 
(13) rv 
50 2 moe 
ae CA3I39 
Ka 
(4,)—{ S UBSTRATE (14) 
ac late 0.001 
1.6V t6V 
470 470 
F F 
ak ae ° ae P a 92CM-27126 
NOTES: L1: ACA P.N. 122206 T1: RCA P.N. 140507 
1. Use 10 KS2 Isolstson Resistor at OC L2: RCAP.N. 14133 3% Turns (Center Tapped) #20 Wire, 
Voltmeter Probe Tip When Making 4% Turns #22 Wire, O.D. = 0.25” (Typ.) 0.0. = 0.36" (Typ.) 
DOC Messurements. O (Untoaded) = 100 (Min.) Q (Untoaded) = 140 (Min.) 
2. Typical No-Signal OC Potentials Are f = 41.25 MHz f = 46.75 MHz 
Shown. Inductance = 0.18 zh (Typ.) Inductance = 0.18 wh (Typ.) 


3. Boxes Represent Test Points. < : 
Fig. 2 — Test circuit. 


CA3139E, CA3139Q 


CIRCUIT DESCRIPTION 


The CA3139 consists of five functional cir- 
cuits as shown in the block diagram, Fig. 1 
(see Fig. 5 for schematic diagram). 


1) Cascode Amplifier — Consists of emitter- 
follower Q1, common-emitter amplifier 
Q2, and common-base amplifier Q3. 

2) Bias Circuit — Consists of Q4 and resistors 
R1, R4, R5, and an external resistor (user 
selectable) connected to the voltage regu- 
lator, terminal 7. The nominal value of 
the external resistor is 9.1 kQ. Reduced 
values will raise the gain of the cascode 
amplifier chain, and higher values will 
reduce the gain. If the gain is increased, 
the AFT “‘‘Bow Tie” width will increase 
and the crossover slope will increase 
(become steeper). The input transistor 
Q1 is internally biased, so AC coupling 
is normally used to the input terminal 5. 


3 


— 


Intercarrier Mixer/Amplifier — The out- 
put of the cascode amplifier at terminal 9 
is also internally connected to the inter- 
carrier mixer/amplifier chain consisting 
of transistors Q13 through Q17 and as- 
sociated components. The video IF carrier 
at 45.75-MHz and the FM sound IF 
carrier at 41.25-MHz are down-converted 
to a 4.5-MHz FM signal by 014. A low-pass 
filter removes the carriers and upper con- 
version signal components. The 4.5-MHz 
FM signal is further amplified and filtered 
by Q16 and C3. The FM sound output 
signal is at terminal 3. The gain with 
respect to a 5-mV sound carrier (tested 
with a 15-mV video carrier) input signal 
at terminal 5 is 10 to 40 when the resistor 


is connected between terminals 6 and 7 
is 9.09 kQ. 


4) AFT Detector and DC Amplifier — Con- 
sists of Q6 through Q12 and related com- 
ponents. The detector inputs at terminals 
8 and 10 are connected to the external 
discriminator transformer and biased 
through the transformer at terminal-6 
potential. The total current through tran- 
sistors Q7 and QO8 is held constant by the 
current-mirror transistors Q10, Q11, and 
Q12. External filter capacitors connected 
to terminals 11 and 12 assure that peak 
detection is accomplished. The AFT out- 
put voltages are shown in the Electrical 
Characteristics chart, and a graphical repre- 
sentation is shown in Fig. 4. 


5) Voltage Regulator — An active shunt 
regulator, consisting of D1, D2, 21, 22, 
and Q5, is included to reduce the dynamic 
resistance. 
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CA3139E, CA31390 
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Fig. 3 — Terminal assignment. 
Fig. 4 — Dynamic control-voltage characteristics. 
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Fig. 5 — Schematic diagram of CA3139. Fig. 6 — Typical tuner connection. 


Fig. 8 — CA3139Q circuit board with 


Fig. 7 — Template of CA3139Q circuit board 
components. 


(actual size, bottom view). 
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TV Luminance Processor 


The CA3143E is a monolithic silicon inte- 
grated circuit that performs the juminance 
processing functions of amplification; con- 
trast, brightness and peaking control; blank- 
ing; and black-level clamping. 

This device, when used in conjunction with 
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VOLTAGE 


the CA31260 chroma processor and the 
CA3137E chroma demodulator, will pro- 
vide a luminance/chrominance system hav- 
ing excellent tracking of controls. The 
CA3143E is supplied in a 14-lead dual- 
in-line plastic package. 
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Fig.1 — Functional block diagram. 
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Fig.2 — Test circuit. 


CA3143E 


Features: 


™ Black-level clamping 
® Linear dc controls for brightness, 
contrast, and peaking 
® Horizontal and vertical blanking 
@ Operates with standard or tapped delay line 


CIRCUIT DESCRIPTION 


Fig. 1 is a block diagram of the CA3143E 
indicating the internal functions as well as 
external circuitry and signals. The video 
input signal with positive-going sync is ap- 
plied to the input of the tapped delay line. 
Signals from fixed taps of the delay line 
are applied to terminals 1, 2 and 3 of the 
CA3143E. In referring to Fig.4, the signal 
from the delay line tap A is applied to the 
video input at terminal 1. The signals from 
taps B and C are summed where VA + VB 
= Voum- The signal (Vsym) is then applied 
to the parallel connection of the peaking 
input terminals, 2 and 3. The video input 
signal is applied to a non-inverting input of 
the peaking amplifier while the peaking input 
signal (Vey) is applied to an inverting in- 
put of the peaking amplifier. 

Low-frequency video components are un- 
attenuated, while high-frequency compon- 
ents are attenuated as a function of the 
delay-line tap points. The peaking amplifier 
is a differential amplifier, so that the output 
is proportional to Vy minus Vey. At low 
frequencies, the signal at terminals 2 and 
3 is unattenuated, and the peaking ampli- 
fier produces no output at these frequen- 
cies. However, at high frequencies the signal 
at terminals 2 and 3 is attenuated thus, the 
peaking amplifier output consists of high-fre- 
quency video. The peaking control setting 
determines the amplitude of the peaking sig- 
nal which is then fed to the video amplifier, 
where it is added to the video input signal 
and amplified. The setting of the peaking 
contro! does not substantially affect the dc 
quiescent voltage at terminal 4. 


The low-impedance video amplifier output 
is at terminal 4. The signal is fed through an 
external coupling capacitor to terminal 6, the 
black-level clamp input. The action of the 
black-level clamp is such that it clamps to 
the black level rather than to the sync level. 
Refer to the circuit diagram in Fig.3. Con- 
sider the situation where no signal is applied 
to terminal 12. Terminal 6 is biased through 
diode D2. The signal at terminal 6 will 
clamp its most negative excursion (sync 
pulse) to the anode voltage of D2. How- 
ever, if a positive pulse is applied to termi- 
nal 12 during the sync interval, the anode 
of D2 is forced to ground due to saturation 
of O17. The clamp is thus disabled, and 
terminal 6 will clamp to the next lower 
signal level, the black level. 
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Fig. 3 — Schematic diagram of CA3143E . 
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MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY CURRENT (Into Terminal 13)* 
DEVICE DISSIPATION:* 
Upto Ta =55°C . 
Above Ta = 55°C. 
AMBIENT —TEMPERATURE RANGE: 
Operating 
Storage . 
LEAD TEMPERATURE (Suing scldeniagls 
At distance 1/16 + 1/32 inch (1.59 + 0. 79 mm) 
from case for 10s max. 


59.5 mA 


: ; 750 mW 
derate linearly 7.9 mW/°C 


—40 to +85°C 
—65 to +150°C 


+265°C 


* Although the CA3143E is rated for maximum 
dissipation of 750 mW, it is recommended 
that the current into terminal 13 be limited 


by external circuit resistance to 39 mA for 
a typical voltage at terminal 13 of 11.8 volts. 


ELECTRICAL CHARACTERISTICS at Tp = 25°C 
Bias jest generac Numbers 
Volts | S1{S2IS3IS4/SSS6IS7 jest generac $11 LIMITS 
‘(V) Switch Positions T 
For Characteristics Measurements Typ. S 
STATIC 
Voltage: 
At Term.13(V13) |. 6.1 2 212 2)2] 1 1 11] 11.8)13.2] V 


Quiescent Voltage 

At Term. 4 (V4) 212)3 2}2 3.3 ee 
Quiescent Voltage 

At Term. 7 (V7) 2121/2 7.1 7.7} 8.3 - 
Current into Term.13 

(Term.13 Connected 

to+11V) (113) 21/213)1)2/2)1 30;mA 
DYNAMIC 

Wide-Band Gain 

(Note 1) 211 2 8.3 

Contrast Gain 

Reduction 

(Note 2) 11 41 ak 

Peaking Gain 

(Note 1) 1 |2 le 
Peaking 

Gain Reduction 


(Note 3) 
Bete Let 


Characteristic 


Max. Intermodulation 
Distortion: 
2V (Note 4) 


3V (Note 5) 


Note 1: Set 50-kHz generator for 100 mVp-p. Adjust R1 Peaking Control (See Fig.2) for 
minimum setting. Measure wide-band gain at terminal 7. 

Note 2: Set 50-kHz generator for 100 mVp-p. Adjust R1 for minimum setting. Measure 
contrast gain reduction at terminal 7. 

Note 3: Set 50-kHz generator for 100 mV-p-p. Adjust R1 for maximum setting. Measure 
peaking gain reduction at terminal 7. 

Note 4: Adjust R1 for minimum setting. With S2 at switch position1 and S7 at switch 


CA3143E 


The clamped video signal at terminal 6 is 
amplified and inverted at terminal 7. Blank- 
ing is accomplished by applying horizontal 
and vertical sync pulses to terminal 9. The 
pulses turn ON p-n-p transistor Q6 which 
shorts the base of transistor 015 to the 
terminal 13 supply voltage. The bright- 
ness control function is accomplished by 
varying the voltage on terminal 8. The gain 
of the inverter stage remains constant, but 
the dc reference voltage follows the terminal | 
8 voltage. The contrast control function is 
accomplished by varying the voltage of ter- 
minal 10. Increasing the voltage on termi- 
nal 10 lowers the gain of the video ampli- 
fier. This reduction in gain does not sub- 
stantially affect the dc quiescent voltage at 
terminal 4. 


CASI43E 
TERMINALS 


92CS-27423 


Fig.4 — Tapped delay line. 


a 8 MODULATED 
- MHz SIGNAL 


92CS-27422 


A = Amplitude of 50 kHz signal at deepest trough 
B = Peak amplitude of 50 kHz signal 


Downward Modulation = B—A 
B 


position 3, set 50-kHz generator for 2 Vp-p. Then with S2 at switch position 
2, set 1 MHz generator for 100 mVp-p. Then with S7 at switch position 2, 
measure downward modulation of the 1-MHz signal due to the 50-kHz signal. 


Note 5: Repeat step 4 except that the 50-kHz generator must be set at 3 Vp-p. 
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CA3144G 


TV Luminance Processor 


The CA3144G is a monolithic silicon inte- 
grated circuit that performs the luminance 
processing functions of amplification; con- 
trast, brightness and peaking control; blanking; 
and black-level clamping. 


This device, when used in conjunction with 
the CA3126Q chroma processor and the 
CA3137E chroma demodulator, will provide 
a luminance/chrominance system having ex- 


cellent tracking of controls. The CA3144G is 
supplied in a 16-lead hermetic Gold-CHIP 
dual-in-line plastic package (‘‘G’’ suffix). 


The semiconductor junctions in this device 
are sealed by utilizing a silicon nitride 
passivation layer. A multi-layered, highly cor- 
rosion-resistant, terminal-connection system 
of unique design is employed. 


Features: 


® Black-level clamping 

Linear dc controls for brightness, 
contrast, and peaking 

Horizontal and vertical blanking 
“Hermetic Chip” construction 
Silicon nitride passivated 
Platinum silicide ohmic contacts 
Gold-CHIP metallization 


Operates with standard or tapped delay line 


TERMINAL ASSIGNMENT 


VIDEO INPUT(1) (16) NC 
EEANING | ((5) Ne 
INPUTS 


3) 


VIDEO OUTPUT (4) 
SUBSTRATE (5) 


CLAMP INPUT (6) 
CLAMPED VIDEO(7) 
OUTPUT 


CA3144G (13) SHUNT REG.& BIAS 


(2) CLAMP 

INHIBIT INPUT 

(11) PEAKING CONTROL 
(10) CONTRAST CONTROL 


BLANKING INPUT (8) (9) BRIGHTNESS 


TOP VIEW 


NC= NO CONNECTION 
92CS- 28107 


bi MODULATED 
I~ MHz SIGNAL 


4 Vn OO 


92CS-27422 


A = Amplitude of 50-k Hz signal at deepest trough 
B = Peak amplitude of 50-kHz signal 
B—A 


Downward Modulation = 
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MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY CURRENT (Into Terminal 13)* 57 mA 
DEVICE DISSIPATION: * 
Up to Tn = 55 C 750 mW 


Above T , = 55°C a eae derate linearly 7.9 mw/c 
AMBIENT-TEMPERATURE RANGE: 

Operating 

Storage . . . . . ee. sw. ee 
LEAD TEMPERATURE (During soldering): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) 

from case for 10 s max. ese, wey ee 


—40 to +85°C 
—65 to +150°C 


+265°C 


* Although the CA3144G is rated for maximum dissipation of 750 mW, it is recommended that the current 
into terminal 13 be limited by externa! circuit resistance to 39 mA for a typical voltage at terminal 13 of 
12.3 volts. 


ELECTRICAL CHARACTERISTICS at T, = 25°C 


Bias Switch Numbers U 
Volts | $1/S2jS3}]S41S5SEIS7}S8}S9}S10} $11 ~ LIMITS N 
(Vv) Switch Positions T 

For Characteristics Measurements Typ. S 


als}a} ala afalal 
sfifelalalifolels [+ [aa] af se 
AA 2122 Vv 


Characteristic 


STATIC 


Voltage: 
At Term. 13 (V13) 6.5 


Quiescent Voltage 
At Term. 4 (V4) 
Quiescent Voltage 
At Term. 7 (V7) 


Current into Term.13 
(Term.13 Connected 
to+11V) (113) 


DYNAMIC 


Wide-Band Gain 
(Note 1) 


NO 


1 2 


~ w 
- OO 


“ 

Ww 
em 
Eat 
So 
om 
= 
ieee 


sofa | a] af 
Contrast. Gain 
Reduction 
(Note 2) 7.3 1 2/142 2 27 30 
Peaking Gain 
(Note 1) 13] 17 


Peaking 
Gain Reduction 
(Note 3) 

Max. Intermodulation 
Distortion: 

3.8 V (Note 4) 


5 V (Note 5) 


_ 
10.0] 


7 


3 2 
7s fe Phe | 
Note 1: 


Set 50-kHz generator for 200 mMV_,,,. Adjust R1 peaking control for minimum setting (see Fig. 2). 
Measure wide-band gain at terminal 7. 
Note 2: 


Set 50-kHz generator for 200 mMV_,,,,. Adjust R1 for minimum setting. Measure contrast gain reduction 
at terminal 7. 
Note 3: 


Set 50-kHz generator for 200 mMV_,. Adjust R1 for maximum setting. Measure peaking gain reduction 
at terminal 7. . 

Note 4: 
Adjust R1 for minimum setting. With S2 at switch position 1 and S7 at switch position 3, set 50-kHz 
generator for 3.8 Vp-p: Then with S2 at switch position 2, set 1-MHz generator for 200 mV,,,,. Then 
with S7 at switch position 2, measure downward modulation of the 1-MHz signal due to the 50-k Hz signal. 


Note 5: 
Repeat step 4 except that the 50-kHz generator must be set at 5 Vp-p: 
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Fig. 1 — Functional block diagram. 
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Fig. 2— Test circuit. 
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Fig. 3 — Schematic diagram 
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CIRCUIT DESCRIPTION 


Fig. 1 is a block diagram of the CA3144G 
indicating the internal functions as well as 
external circuitry and signals. The video 
input signal with negative-going sync is ap- 
plied to the input of the tapped delay line. 
Signals from fixed taps of the delay line are 
applied to terminals 1, 2, and 3 of the CA- 


CA31944G 
TERMINALS 


ERY 2): GG) 


Vsum* VatVc 


92CS-28110 
Fig. 4— Tapped delay line. 


3144G. In referring to Fig. 4, the signal 
from the delay line tap A is applied to the 
video input at terminal 1. The signals from 
taps B and C are summed where Va + Vp = 
Vsum- The signal (Vsym) is then applied to 
the parallel connection of the peaking input 
terminals, 2 and 3. The video input signal is 
applied to a non-inverting input of the 
peaking amplifier while the peaking input 
signal (Vsym) is applied to an inverting input 
of the peaking amplifier. 


Low-frequency video components are un- 
attenuated, while high-frequency components 
are attenuated as a function of the delay-line 
tap points. The peaking amplifier is a dif- 
ferential amplifier, so that the output is pro- 
portional to Vz minus Vsym. At low fre- 
quencies, the signal at terminals 2 and 3 is 
unattenuated, and the peaking amplifier pro- 
duces no output at these frequencies. How- 
ever, at high frequencies the signal at ter- 
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Fig. 3— Schematic diagram 


minals 2 and 3 is attenuated thus, the peaking 
amplifier output consists of high-frequency 
video. The peaking control setting determines 
the amplitude of the peaking signa! which is 
then fed to the video amplifier, where it is 
added to the video input signal and amplified. 
The setting of the peaking control does not 
substantially affect the dc quiescent voltage 
at terminal 4. 


The low-impedance video amplifier output 
is at terminal 4. The signal is fed through an 
external coupling capacitor to terminal 6, 
the black-level clamp input. The action of 
the black-level clamp is such that it clamps 
to the black level rather than to the sync 
level. Refer to the circuit diagram in Fig. 1. 
Consider the situation where no signal is 
applied to terminal 12. Terminal 6 is biased 
through diode D3. The signal at terminal 6 
will clamp its most negative excursion (sync 
pulse) to the anode voltage of D3. However, 
if a positive pulse is applied to terminal 12 
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during the sync interval, the anode of D3 is 
forced to ground due to saturation of Q13. 
The clamp is thus disabled, and terminal 6 
will clamp to the next lower signal level, the 
black level. 


The clamped video signal at terminal 6 is 
amplified and inverted at terminal 7. Blanking 
is accomplished by applying horizontal and 
vertical sync pulses to terminal 8. The pulses 
turn ON p-n-p transistor Q18 which shorts 
the base of transistor O20 to the terminal 13 
supply voltage. The brightness control func- 
tion is accomplished by varying the voltage 
on terminal 9. The gain of the inverter stage 
remains constant, but the dc reference voltage 
follows the terminal 8 voltage. The contrast 
control function is accomplished by varying 
the voltage of terminal 10. Increasing the 
voltage on terminal 10 lowers the gain of the 
video amplifier. This reduction in gain does 
not substantially affect the dc quiescent 
voltage at terminal 4. 
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CA3151G 


Single Chip TV Chroma 
Processor/Demodulator 


“G” Suffix Type — Hermetic Gold-CHIP in 


Dual-In-Line Plastic Package 


System Features: 


™ All chroma processing and demodulating 
circuitry on a single chip in a 24-lead 
plastic package 

™ Phase-locked subcarrier regeneration 
utilizing sample-and-hold techniques 

@ Supplementary ACC with overload detector 
to prevent over saturation of the picture tube 

® Linear dc controls for chroma gain and tint 

® Dynamic “flesh correction” — corrects 
purple and green flesh colors without 
affecting primary colors 


™ Balanced chroma demodulators with low 
output impedance for direct coupling 


® Internal rf filtering 
= Requires few external components 


@ Low system dissipation—nominal 0.5 W 


The RCA-CA3151G is a monolithic silicon 
integrated circuit that performs the com- 
plete chroma processor and demodulating 
functions for color TV. The single chip con- 
tains all the features of the CA3126 chroma 
processor and the CA3137 chroma demodu- 
lator. 


The CA3151G is supplied in the hermetic 
Gold-CHIP 24-lead dual-in-line plastic pack- 
age (G suffix). The transistor chips used in 
the hermetic Gold-CHIP plastic packages 
are of the sealed -junction type designed to 
provide protection against the deteriorating 
effects of humidity and other surface con- 
taminants without the need for a hermetic 
package enclosure. The semiconductor junc- 
tions are sealed by utilizing a silicon nitride 
passivation layer. A multi-layered, highly 
corrosion-resistant, terminal-connection sys- 
tem of unique design is employed. 


MAXIMUM RATINGS, Absolute-Maximum 
Values: 


DC SUPPLY VOLTAGE: 


Between Terms. 18 and7 . 13.2V 
DEVICE DISSIPATION: 
Up toT, = 55°C . 825 mW 
Above T q = 55 C Derate linearly at 
8.7 mW/ C 
AMBIENT TEMPERATURE RANGE: 
Operating. —40 to +85°C 


Storage . . ... . . —65 to +150 °C 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16 + 1/32 inch 

(1.59 + 0.79 mm) from case 


for 10 seconds max... . +265°C 


400 


Preliminary Data 
ELECTRICAL CHARACTERISTICS at Tp = 25°C, V* = 11.6 V 
Supply Current, I+ 


R-Y, G-Y, B-Y, Out- 
puts, Vga V9V19 


Oscillator Reference 
Inputs, V1 142 


Chroma Demodu- 
lator Input, V43 


Chroma Processor 
Input, V1 


DYNAMIC (See Fig. 2) 


Minimum Oscillator 

Pull-In Range*,V19 2 
Oscillator Level, V49 
100 Percent ACC, V; 


Ee 


Minimum Gain 
Control, V13 , 


50 Percent Gain 
Control, V73 


200 Percent 
ACC, V413 


20 Percent 
ACC,V13 


Maximum Kill 
Output, V43 © 


“p 
30 mVp.p 
Control Range, 


2 1546 mV 5.5 
1.5V 
273 MV p-p 
33 
3 


* Tune Co to 3,579,845 Hz with Sin position 2. Put S, in position 1, and check for pull in. Repeat for 
frequency tuned to 3,579,245 Hz. For other tests, frequency tuned to 3,579,545 + 10 Hz. 
** All input levels up to 2 Vp-p: 


Minimum Unkill 
Output, V73 
Overload De- 
tector (OLD), 
V13 
R-Y Sensitivity, 
Vi0 Ey = 282 
MV p-p 3.53 MHz 


R-Y Ratio B-Y/R-Y, 
Vg 

G-Y Ratio G-Y/R-Y, 
Vg 

Max. R-Y 
Output, Vig 
E,=2V 


g p-p 
3.53 MHz 


* 
* 
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Fig. 1 — Functional diagram, static test circuit, and typical application circuit. 
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Fig. 3 — Dynamic test circuit. 
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Fig. 2— “Flesh” correction of oscillator phase angle 
as a function of chroma input phase angle. 


TERMINAL DIAGRAM 
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CA3153G 


Television Video IF System 


“G”’ Suffix Type -- Hermetic Gold- 
CHIP in Dual-In-Line Plastic Package 


The RCA-CA3153G is a monolithic silion 
integrated circuit designed to perform if 
amplification, video detection, and video- 
amplifier functions in color and monochrome 
TV receivers. The signal-to-noise performance 
has been improved compared to the RCA- 
CA3068*. The AGC performance has also 
been improved through the use of a sample 
and hold keyed system. The RCA-CA3153G 
is designed to interface with the RCA- 
CA3139# Automatic Fine Tuning (aft) cir- 
cuit, and intercarrier amplifier. 


* The CA3068 is described in RCA data bulletin 
File No. 467. 


+30 V 


680 pF 


+Vs; 
12.3V (i2) (14) 
SHUNT 
TYP REG SUBST 


FROM LF. 
TUNER] FILTER 
TUNER AGC 


NO SIG. +15 V TYP. 
HIGH SIG. +1 V TYP. 


The CA3153G is supplied in the hermetic 
Gold-CHIP 16-lead dual-in-line plastic pack- 
age (G suffix). The transistor chips used in 
the hermetic Gold-CHIP plastic packages 
are of the sealed-junction type designed to 
provide protection against the deteriorating 
effects of humidity and other surface con- 
taminants without the need for a hermetic 
package enclosure. The semiconductor junc- 
tions are sealed by utilizing a silicon nitride 
passivation layer. A multi-layered, highly 
corrosion-resistant, terminal-connection sys- 
tem of unique design is employed. 


# The CA3139 is described in RCA data bulletin 


File No. 905. 
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Improved agc 

Fast response - 

Sample and hold keyed 

High gain wideband IF amplifiers 
Delayed agc output for tuner 
Gain reduction with excellent stability 
Linear video detector 

Video amplifier 

Low noise 

Internal shunt regulator 

For color or monochrome 


Gold-chip metalization 
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Me 


Fig. 1 — Functional block diagram of the IF amplifier-system of CA3153G with typical peripheral Circuitry. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY VOLTAGE: 


Between Terms. 15:and 4:3 6a oa SS Be 5 le De HS ERE EES 16 V 

Between 470 Q2 connected to.Term. 12 and 4..... 0.0.0.0. eee ns 35 V 
DC SUPPLY CURRENT: 

At Terie (96 ype Scar A tS ae OS eo ater de oo he iad 20 mA 

Pt OPA? ss Se elad acne aad Sa see GR TE GR Whe ee Se ee aS OP eee 30 mA 
DEVICE DISSIPATION: 

Upto T 955) Ces ewe paw Wee Raye eae a Ae aes 750 mW 

Above Ta 158 OC onciantouss See ene boyy ee Derate linearly at 7.9 mW/°C 
AMBIENT TEMPERATURE RANGE: 

Oneal i:2 4 ko os bt 5 A eee Ree eeu ne eA bee EEE RR ORR OOS SES ~—40 to +85°C 

StOrage eS Hi ee nae ee Ke he EOE SEG SUSU ee eee AER —65 to+150°C 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 seconds max... .. +265 °C 


ELECTRICAL CHARACTERISTICS at T, = 25°C 


LIMITS 


Shunt Regulator 
Voltage, V 42 


Tuner AGC High 
Voltage, V 46 


Tuner AGC Low 
Voltage, V19 


fo) 
~ 


ra 
jo 


50 kHz, 80% Modulated, 
Sync TIP Equiv. 30 


mV(RMS) 


Delay Voltage Through 15k2 connected 
to Term. 7. See note 2 


Note 1: V15 MIN. should be at least 0.6 V above Terminal 12 potential. Lower voltage may cause some 
“white” compression. 


Note 2: Zero voltage corresponds to maximum delay at signal input = 30 mV (RMS). 
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IF AMPLIFIER AND AGC OUTPUT SYSTEM 
Qi -—-Q15 


Q3,6,7,8, 12,13, AND QIS ARE EMITTER FOLLOWERS. 


momen mm emcee me eee 


=z 


Tien 
- | 


SUBST (14) (2) op 
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Fig. 2 — Schematic diagram for the CA31536. 


AGC System (See Fig. 3) 


The AGC system employs a sample-and-hold 
system to allow a fast-acting agc and reduce 
the effect of the vertical synchronizing signal 
on the video output stage. An override path 
is provided to allow a lower-gain agc system 
when the key pulse is not locked to the sync 
signal (for example, during channel selection). 


The negative-going sync signal at the video 
output, Terminal 16, is applied to transistor 
Q41 through resistors R51 and R52 which 


act as current-limiting and filtering compo- 
nents. The sync signal is inverted and ampli- 
fied by transistor Q41. The video portion of 
the signal is cutoff by the saturation voltage 
of 041. When the TV system is in synchroni- 
zation, the positive sync pulse at the collector 
of 041 is coincident with the key input at 
Terminal 1, Transistor Q42 is turned off by 
the key pulse. Capacitor C13 is charged by 
the positive sync pulse through diode D9. 
The amplitude of the potential at C13 is pro- 
portional to the video-signal amplitude. The 
voltage is transfered through transistors Q40, 


THIRD IF-AMPLIFIER STAGE ,DETECTOR, 
AND VIDEO-AMPLIFIER SYSTEMS 


QI6, 17,19,21,22,25,27,30, AND Q31 ARE EMITTER FOLLOWERS 
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NOISE-GATE AND AGC SYSTEMS 


Q34 —- Q43 


Q32,33,35, AND Q36 ARE EMITTER FOLLOWERS 
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Fig. 2 — Schematic diagram for the CA3153G. 


Q38, 036, and O35 to resistor R57 to form 
the charge current for the external agc filter 
capacitor at Terminal 2. 


A constant-current discharge path for the 
capacitor at Terminal 2 is provided by cur- 
rent mirror components D7 and Q37 during 
the key-pulse duration. Thus the external 
agc filter capacitor is charged or discharged 
during the key-pulse interval only by the dif- 
ference in current between the charge- and 
discharge currents. At the end of the key- 
pulse duration, C13 is discharged, and the 


charge and discharge current paths at Ter- 
minal 2 are turned off. Diode D8 provides a 
lower-gain age path for turn-on during chan- 
nel acquisition. 


Noise-Gate System (See Fig. 3) 


The circuit cormponents, C11, R54, Q32, 
Q33, and 043 perform the function of a sta- 
tistical system to reduce agc gain during 
“spike’’ noise. The noise gate turns on for 
large amplitude fast signals and reduces the 
agc loop gain. 
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Fig. 3 — Noise-gate and AGC system of CA3153G (Q34 > Q43). 
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Fig. 4 — IF amplifier and AGC output system of CA3153G (Q1 > Q15). 
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Fig. 5 — Third |F-amplifier stage, detector, and video-amplifier systems of CA3153G (Q16 > Q37). | 
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CA3I59G Preliminary Data 
Horizontal Processor and AGC Detector 


The CA3159G is a monolithic integrated cir- The CA3159G is supplied ina 16-lead dual-in- 


cuit designed for use as a horizontal processor line plastic package with a hermetic ‘’Gold- 
and AGC detector in color or black-and-white CHIP’ (G suffix). These chips are of the 
TV receivers. It performs the functions of sealed-junction type designed to provide pro- 
AGC, sync separation, and noise immunity, tection against the deteriorating effects of 
and a 31.5 kHz oscillator is provided for use humidity and other surface contaminants 
with vertical-countdown circuits. without the need for a hermetic package 
enclosure. 
MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY VOLTAGE... .. . 1 ee ee ee ee ee 80 
DC SUPPLY CURRENT .... . . . eee ee ee ew 6 6BOMA 
DEVICE DISSIPATION: 
Up to Ta = 55 C “as SP es ed Sage MES Ne ata a ud a. a ee. ao es Se 750 mW 
AboveTa=55C ©. 2. 1. 20 ee ee Derate tinearly at 7.9 mW/ C 
AMBIENT TEMPERATURE RANGE: : 
Operating. 2. 2. 1. 1 1k ee ke ke ee ewe 64D tO +85 C 
Storage... See ee ee ee. 65 to +150 C 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 0.79 mm) : 
from case for 10smax. . . . . . 1 ee ee eee ee ee +265 C 


ELECTRICAL CHARACTERISTICS at Ty, = 25°C, Vt = 28 V, all switches open unless 
otherwise specified. (See Fig. 2) 


$1, S9 closed | 


$2, S3 closed | 


Sync Level $1, S9 closed 


Positive Pulse2 S5 closed 

Positive Sawtooth? S5, S6 closed 
S3, S4 closed 
S7,S8,S9 closed 

Duty Cycle S7,S8,S9 closed 


1. A=3V,B=1.2 V,—1 mA to term. | 3. C=0.2 mA, D=5mA 
2. C=0.2mA 4. Adjust LI, Vt = 20 V 


220k2 3.9k2 VIDEO 


SYNC SEP 
L6k2Q OUTPUT 


| ope 
ein CA3159G | als Bae 
. O OUTPUT 
REF AFC 
coeur | tye ty [ae Fe PO 
| 10k 
! 
O.1uF GEN 
Se Nes eet a 
0.001 uF 
(1) ((2) (3) (4 
60H 
7502 1kQ 
92CM- 31035 


Fig. 1 — Functional block diagram of CA3159G. 
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Features: 


@ AGC voltage 
™ Separated sync 
@ 31.5 kHz oscillator 


= Gates AGC and sync for noise immunity 


CA3159G 
TERMINAL ASSIGNMENT 


AGC OUTPUT (1) (6) vt 
FILTER (15) 31.5 KHz OUTPUT 
VIDEO INPUT (3) (14) 31.5 kHz OSC. 
SYNC POS. SIGNAL (4) (13) OSC. CONTROL 
SYNC INPUT (5) (12) OSC. CONTROL 
SYNC OUTPUT (6) (11) PHASE DET. INPUT 
HOR. KEY PULSE (7) (iO) PHASE DET. REF. 
SAWTOOTH (8) (9) GND 


92CS~31036 


CA3I59G 


oO ®@ ®O @O® © OD ® 


si YL $2.4 22k2\53 \sq S10k2 \s6 
" 620 $51 
| | s9 $620 $51 \ss | 
See ane 
7 ¥ : 
92CS- 31037 


Fig. 2 — DC test circuit. 
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Q7 
z2 
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Qs 
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R32 
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Q 


D4 
R25< R26 
1K IK 


92CL- 31038 


Fig. 3 — Schematic diagram of the CA3159G. 


Circuit Description 


The negative sync video input at terminal 3 
is the detected video if. This video signal is 
buffered and Vpe compensated by emitter- 
followers 028, Q27, and Q26. The buffered 
video signal is applied between the base 
of Q21 and a temperature-stable 2-V refer- 
ence. O21 is normally in saturation, and the 
negative sync pulse imparts a positive swing 
to the base of Q20. Q20 is used as a peak 
rectifier driving a capacitor at terminal 1. 
The voltage at terminal 1 is the AGC control 
voltage that sets the if gain such that the sync 
pulses drop to just below the 2 V level, driving 
Q21 out of saturation. 


The above description is for a normal video 
signal; the presence of noise pulses more 
negative than the sync tip level would lower 
the gain to that level, thus disturbing the 
picture. A gated noise-inversion threshold 


is provide at the base of Q32 to compensate — 


for these noise pulses. The threshold is about 
1.5 V during trace time, but is reduced to 
about 1 V during coincidence of the sync 
and flyback pulses. When the video signal 
is more negative than the noise threshold, 
Q32 conducts and pulls the base and emitter 
of Q30 low. Without noise, Q23 conducts 
0.5 mA with its collector:at 7 V, which holds 


Q22 in cutoff. O29 has an emitter load 
provided by an external 1 kQ2 resistor anda 
series capacitor: when its base is switched 
low, its collector switches high. The resulting 
flow of current in Q23 overrides the normal 
negative-going pulse in the direct signal path 
and holds Q21 in saturation. 


The video input to terminal 3 also operates 
the sync channel, beginning with Q31. Be- 
cause 032 is normally cut off, Q31 acts as an 
amplifer with a moderate gain to its collector, 


and a positive sync signal appears at terminal 4. 


If the noise pulse is more negative than the 
noise threshold at the base of O32, the base of 
Q30 is pulled down as discussed above. In 
addition to operating the AGC noise inverter, 
the Q30 current passes through Q25 to the 
amplifier load resistor, R35, and cancels the 
potentially positive pulse at that point. 


The positive sync signal at terminal 4 is 
coupled through an RC network to terminal 
5 for sync separation. In essence, the network 
permits Q38 to clamp the positive peaks, so 
the most positive part of the signal is ampli- 
fied by Q38 while the rest is beyond cutoff. 
The separated sync, a negative pulse at the 
collector of Q38, follows two paths. First, 
the sync operates an output driver to terminal 


CA3159G 


6, which drives the outboard diode phase 
detector. Second, the negative pulse cuts off 
the current through Q36, which otherwise 
holds Q35 in saturation, thus enabling a 
current in R41 to turn Q34 on and thereby 
shift the noise threshold voltage. 


Terminal 7 receives a positive flyback pulse 
that supplies R41 with the signal to complete 
the coincidence gate that alters the noise 
threshold when sync and flyback pulses are 
in phase. The buffered and clipped flyback 
pulse also turns Q43 on, which, in con- 
junction with an external integrating ca- 
pacitor, forms a sawtooth waveform. This 
sawtooth (at flyback rate) is phase compared 
with the sync pulse that was separated from 
the video input. 


The phase detector works against an interna! 
bias point brought out to terminal 10, and 
the phase detector output applied to terminal 
11 is slightly positive or negative relative to 
terminal 10. This voltage differential with 
terminal 10 determines the division of current 
between Q9 and Q10, which are part of the 
voltage controlled oscillator. The oscillator 
consists of the current source Q11, differ- 
ential amplifier Q12 and Q13, and differ- 
ential amplifier Q9 and Q10. The frequency 
is determined primarily by a series LC circuit 
connected between terminals 13 and 14 
(terminals 12 and 13 have resistor loads to 
the positive supply). If the entire oscillator 
current passes through Q10 to terminal 13, 
the oscillator operates at the frequency at 
which the phase shift in the LC circuit is 
zero. If the current is sent through Q9 to 
terminal 12, however, it must go through an 
external capacitor between terminals 12 and 
13 and then through the original LC circuit 
and the circuit is tuned differently. Inter- 
mediate proportions of current division will 
produce intermediate oscillator frequencies. 
The oscillator current output from Q12 
provides base drive for the 31.5 kHz output 
at terminal 15. 
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CA3163G 
VHF/UHF Prescaler 


The RCA-CA3163G* is an integrated-circuit 
prescaler intended for use in TV frequency 
synthesis tuning systems over an input fre- 
quency range of 90 to 1000 MHz. It per- 
forms division by 256 in the uhf mode and 
division by 64 in the vhf mode. . 


The mode of operation can be selected by 
means of the bandswitch and the separate 
uhf and vhf input terminals provided. The 
output is a complementary emitter-coupled 
stage with controlled slew rate for har- 
monic suppression. 


All input terminals should be ac coupled to 
the appropriate input signal source. Because 
of high sensitivity, unbuffered coupling from 
the local oscillator is possible in most cases. 
In the uhf mode, which is activated by 
applying a high level to the bandswitch 
input terminal, all eight divider stages are 
operative, resulting in division by 256. In 


Preliminary Data 


the vhf mode, activated by a low level at 
the vhf input terminal, 
are bypassed, resulting in division by.64. As 
a result, approximately the same range of 
output frequencies are generated for both 
the uhf and vhf TV bands. An _ internal 
amplifier/multiplexer provides this control 
while isolating both inputs and amplifying 
the vhf signal. In addition, harmonic output 
is reduced above 40 MHz by limiting output 
signal rise and fall times and maintaining a 
balanced load. 


The CA3163G is supplied in the 14-lead 
dual-in-line hermetic Gold-CHIP package. 
The chips used are of the sealed-junction 
type designed to provide protection against 
the deteriorating effects of humidity and 
other surface contaminants without : the 
need for a hermetic package enclosure. 


* Formerly RCA Developmental No.TA10535. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE . 
DC BANDSWITCH VOLTAGE 
RMS INPUT VOLTAGE 
DEVICE DISSIPATION: 
UP TOT, = 70°C 
ABOVET,=70C. . . 
AMBIENT TEMPERATURE RANGE: 
OPERATING. 
STORAGE . . . 
LEAD TEMPERATURE (DURING SOLDERING): 
AT DISTANCE 1/16 ¢ 1/32 INCH (1.59 £0.79 MM) 
FROM CASE FOR 10 SECONDS MAX. 


TOGGLE SOURCE AND 
PULSE SHAPER 
FREQ. = 10 MHz 

RISE TIME < 4 ns 


C) 9208-30475 
vw * ncLUDES CAPACITANCE OF TEST PROBE 


Fig. 1 — DC characteristics test circuit. 
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5.5 V 

20 V 

0.5 V 

a 0) 0) mw 
derate linearly at 7.5 mW/ C 
0 to 70 sc 

—55 to +150 Cc 

+265 =¢ 


‘two divider stages 


Features: 


®@ Broadband operation — 90 to 1000 MHz 
® High sensitivity 

® Standard 5 V power supply 

® Dual mode operation — VHF/UHF 

® Complementary ECL outputs 

® Independent VHF & UHF input terminals 


® Hermetic Gold-CHIP construction 


TERMINAL DIAGRAM 


VHF INPUT 
VHF INPUT 


TOP VIEW 
92CS~-30477 
N/C =NO CONNECTION 


¥ INCLUDES CAPACITANCE 
OF TEST PROBE 
e2Cs- 3476 


Fig. 2 — AC characteristics test circuit. 


CA3163G 


ELECTRICAL CHARACTERISTICS At T, = 25°C, Vt = 5 VDC, V— = 0 VDC; see Figs. 1& 2 


CHARACTERISTIC Test conoitions L—“MITS___| units 
| Min.| Typ.| Max. | 


Supply Goren | Teme.tieai.Fat | oo] 60] 00 | ma | 
[UA Bandswitch pat Volos Ven | Hahieet [2a -| | _v_ 


Vif Bandvitchinpst Vota, Van | Lowiews | =| - faa |v 
UHF Bandswitch Input Current, Ipy VBH = 20 VOC, Fig. 1 
VHF Bandswitch Input Current, Igy Ve. =9 VDC, Fig. 1 | -|-1 | ma | 


UHF Sensitivity Level Input finy = 450 to 950 MHz, 
Voltage, Ving (U) fouT = fi ny/256, Fig. 2 


VHF Sensitivity Level Input f} py = 90 to 275 MHz, 
Voltage, Vypy(V) fouT = fin/64, Fig. 2 


Output Voltage, Vo Terms, 4or 5, Fig. 2 
Output Voltage Rise of Fall 
Time, t,,ty 70 


a 


oe ce Sn et ee Ce 


CA3166E 


Preliminary Data 


Operational Amplifier Bandswitch 


BiMOS input operational amplifier, frequency band- 


select switch, and AFT mode switch 


For Frequency-Synthesizer Television Tuning Systems 


The RCA-CA3166E incorporates bipolar, 
PMOS, and CMOS processes on a single 
monolithic chip to provide three functional 
blocks for use in frequency-synthesizer type 
TV tuners. Included are an input operational 
amplifier, a band-select switch, and an AFT 
mode switch. 


The operational amplifier features internal 
bias and phase compensation, high-impedance 
PMOS input transistors, diode clipper input 
limiting, output short-circuit protection, and 
static charge protection. The operational 
amplifier is used to amplify an error signal 
that is proportional to the detected phase 


difference between the desired channel fre- 
quency and an internally generated reference 
signal. 


The band-select switch has two logic inputs, . 
a control voltage input, and three outputs 


- (UHF, VHF Low, VHF High) with a drive 


capability of 90 mA each, for controlling 
the tuner varactor diodes. 

The AFT mode switch is a CMOS trans- 
mission gate with static charge protection 
and an enable logic input for selecting the 
“AFT ON” or “AFT DEFEAT” mode. 

The CA3166E is supplied in the 14-lead 
dual-in-line plastic package. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, v+ 
DIFFERENTIAL INPUT VOLTAGE . 
DC SUPPLY CURRENT It 


BAND-SELECT SWITCH INPUT VOLTAGE RANGE, Vgs 


DEVICE DISSIPATION: 
Up to +70°C 
Above +70°C. PB? se 
AMBIENT TEMPERATURE RANGE: 
Operating. 
storage 2. 6) ao a. Ae Sw &© 4s gh & x 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 0.79 mm) from 
10 seconds max. 


BI 
CR 


BIMOS 


OP 
al 


A 
: AFT SW 


mie 
ITCH 


BANDSWITCH INPUT(8) (10) 


+29.5 to +35 V 
41.5V 

20 mA 

0 to +28 V 


ile Os eS 600 mW 
Derate linearly at 11.1 mW/ C 


0 to 470°C 
. —55 to +150 C 


case for 
+265°C 


OP AMP. 
OUTPUT 


BAND 
SELECT 
SWITCH 


BANDSWITCH OUTPUT, 
VHF HIGHBAND 


BANDSWITCH OUTPUT, 
VHF LOWBAND 


BANDSWITCH OUTPUT, 
UHF 


{6) 
@) 


(11) LOGIC "8B" BANDSWITCH INPUT 


LOGIC "A" 
BANDSWITCH INPUT 92CS-30900 


Fig. 1 - CA3166E Block diagram. 
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BANDSWITCH OUTPUT, 6) 
VHF HIGH 


BANDSWITCH OUTPUT (7) 
VHF LOW 


Features: 


& Three independent functions — input operational 
amplifier, AFT mode switch, and band-select switch 

@ Input operational amplifier has internal biasing 
circuitry and high-impedance PMOS input transistors 

® Internal diode clipper limiting at operational amplifier 
inputs and short-circuit protection at the outputs 

® Static charge protection for both PMOS and CMOS 
circuit components 


® AFT mode switch utilizes CMOS trans- 
mission gate and enable logic inputs control 
AFT mode 

= Logic-controlled band-select switch 

®™ Three band-select-switch outputs, each with 
90-mA drive capability (typ.) at input 
voltage up to 28 V de 

® High voitage-rating for wide dynamic 
control range of error signals and switch 
functions 


Bandswitch Truth Table 


CA3166E TERMINAL ASSIGNMENT 


OP AMP OUTPUT (1) (4) INV. OP. AMP. INPUT 


LOseNAe @ (3 NON-INV. OP. AMP. INPUT 
AFT OUTPUT (3) (2) v+ 
AFT INPUT (4) (1!) LOGIC "8" BANOSWITCH INPUT 
GROUND (5) (0) LOGIC "A" BANDSWITCH INPUT 


(9) BANDSWITCH OUTPUT, UHF 
(8) BANDSWITCH INPUT 


TOP VIEW 


QPLS-BNQADA 


Operational Amplifier (See Fig. 2) 
Electrical Characteristics at Tp, = 25°C, vt = 32.5 V, Ves = 18 V, Terms 4 & 5 grounded 


TYPICAL 
CHARACTERISTIC TEST CONDITIONS VALUES UNITS 
Input Bias Voltage, V3 143 = 4 mA, Feedback = 1 MQ Voc | 
Input Bias Voltage, V3 143 = 6 mA, Feedback = 1 MQ Vpc | 


Input Bias Voltage, V14 144 = 4 mA, Feedback = 1 MQ ca 
Diode Voltage 
(term. 14 to term. 13) 144 = 4 mA, Term. 13 = Reference 
Diode Voltage 
(term. 13 to term. 14) 143=4mA, Term. 14 = Reference 
Output Voltage 144 = 4 mA, Resistance between 
Low, VoL Terms. 1 and 12 = 10kQ 
Output Voltage V1470V,143=4 mA, Resistance 
High, Voy between Terms. 1 and 12 = 10 kQl 


Input Offset Voltage, Vig |V13=0V, Term. 1 connected to Term. 14 


alli 


Supply Current, I* V4=1V, Feedback (Terms. 1 to 14) = 1 MQ 


Output Sink Current, lo, 144 =4mA, V1 =32.5V 
Output Source Current, Ioyy | 143 = 4 MA, Vy = V4q4 = OV —15 


Input Bias 
Current, lj p (term. 14) 


It 
1 
i 


V43 OV, Term. 1 
connected to Term. 14 


Common-Mode 
Rejection Ration, CMRR 


Power Supply Rejection 
Ratio, PSRR 
Open-Loop Voltage 


Band-Select Switch (See Fig. 3) 
Electrical Characteristics at Tq = 25°C, Vt = 32.5 V, Ves = 18 V, Terms. 4 & 5 grounded | 
Terms. 6, 7, 9 = 100 k{2 to ground 


CHARACTERISTIC 


Logic Inputs “A” & “’B” 
Sink Current 


. 
. 
. 


TYPICAL 


TEST CONDITIONS VALUES 


UNITS 


Logic Inputs “A” & “"B” 


Source Current Ig = —20 mA, a V4, =24V 


Output Leakage Current, 
Terms. 6, 7,9 


Output Saturation al 
Term. 9 


Ig = —-90MA, VjQ=V41=2.4V 

lg = 60 MA, Vig =V41 =24V 

I = -90 MA, V1g=O0V,V41=24V 

l7 = —60 MA, Vig =0V, V4, =2.4V 
Ig = -90 MA, V19=2.4 V,V14=0V 


Ig = —60 mA, Vio= 24 V, Vi77=0V 


CA3166E 
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CA3166E 


AFT Mode Switch 


Electrical Characteristics at Ta = 25°C, vt = 32.5V, Ves = 18 V, Terms. 5, 10, 11 grounded 


Logic Input Current High 


Input Current 


2 


V9=0OV,RTERM. 3= 10 MQ, V4= 13.5 V 


Output Leakage Current |V7=0.6V,V3=8V,Vq4=0V 
V2=2.4V, V3=1.8,Vq4=0V 
Output Offset Voltage V2=2.4V,Vq4=3V 


TEST CONDITIONS (V) 


Po fw [we | 
ae | 
ee 
po fe | 


Fig. 2 — Operational amplifier test circuit for CURR, PSRR, and Ao, - 


Turner Operation 


Fig. 4 shows a typical digital TV tuning 
system employing the CA3166E. This system 
consists of a phase-locked loop (PLL) and a 
programmable divider to generate a tuner 
local-oscillator frequency that is an integral 
multiple of a reference-oscillator frequency. 
The output of the local oscillator is con- 
nected to a prescaler (CA3163) which divides 
the frequency to values that can be proces- 
sed by a programmable divider. The amount 
of division is established by the control logic 
and depends on the desired channel to be 
viewed. This signal and a reference signal are 
combined in a phase detector to produce an 
error signal proportional to the frequency 


414 


CA3094 


CMRR = 2010g (V1 - Vo2) 
200 
PSRR = 20109 (Vg - Vg3) 
550 
Aoi = —2010g (Voq - Voa) 
1000 


O+!15 Voc 


2002 


0.001 pF 


502 


92C$-30902 


separation. The error signal is then amplified 
by the CA3166E and filtered to provide a dc 
voltage to the varactors of the tuner voltage- 
controlled oscillator (VCO). The VCO fre- 
quency is thus corrected to reduce its 
difference with the reference. 


Logic-control signals are applied to terminals 
10 and 11 (band-select switch) of the 
CA3166E, and the proper varactor circuits 
for UHF, low-band VHF, or high-band VHF 
are selected. The truth table for the selection 
logic is shown on page 3. 


An analog switch for AFT operation is in- 
cluded in the CA3166E for automatic cor- 
rection of frequency transmission errors. 


92CS$- 30899 


Fig. 3 — Bandswitch test circuit. 


PROGRAMMABLE 
OIVIDER +P 


OP AMP. IN[(14) 


LOGIC 
IN 
T 


BS 
jas 
CA3I66E 


AFT OUT ENABLE 
OP AMP. OUT 


92CS- 30901 


SWITCHING/ 
CONTROL LOGIC/ 
MEMORY 


CHANNEL. 
DISPLAY 


Fig. 4 — Block diagram of a typical digital tuning system. 
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2-Digit BCD-to-7-Segment 


Decoder /Driver 


For Common-Anode LED Displays 


The RCA-CA3168E is a monolithic integrated 
circuit intended for 2-digit display such as 
“numbers” for TV and “CB” channel se- 
lection, and other 0-99 numerical or counting 
for consumer or industrial indicator appli- 
cations. It consists of two independent 
BCD-to-7-segment decoder/drivers. Two sets 
of BCD inputs are buffered with p-n-p 
differential amplifier stages internally re- 
ferenced to 1.7 V. Each of the eight input 
terminals draws less than 15 uA and is pro- 
vided with an internal protection circuit. 


Decoding is accomplished with 12L ROM’s. 
The fourteen output terminals are buffered 
with Darlington pairs driving common-emitter 
output transistors. Each output is capable of 
sinking 25 mA for an LED common-anode 
display device. The supply-voltage range 
(Vcc) is intended to be 4.5 V to 6 V. The 
output voltage (Vo) must not exceed 12'V, 
which provides for a wide range of common- 
anode voltage sources. 


The CA3168E is supplied in the 24-lead 
dual-in-line plastic package. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


SUPPLY-VOLTAGE, Vcc. 
INPUT-VOLTAGE (MIN./MAX.) . 2 4 
INPUT CURRENT (PROTECTION CIRCUIT) . 
OUTPUT VOLTAGE, Vo a ae 
OUTPUT SEGMENT CURRENT Ipyisp_ay 


AMBIENT TEMPERATURE RANGE: 

Operating 

Storage... . 
POWER DISSIPATION: 

Up to +70°C . 

Above +70 C te ks pte es Py SH 
LEAD TEMPERATURE (DURING SOLDERING): 


. . . 6V 
-0.3/Vog V 
. 110 mA 
.12V 


25 mA 


Oto +70°C 
55 to +150°C 


a weds . 400 mw 
. derate linearly at 8.7 mW/ C 


At distance 1/16 + 1/32 inch (1.59 £0.79 mm) from case for 


10 seconds max. 


+Voc PROTECTION CIRCUIT 


O Faia INPUT 


| 40ka | 


8G) Sips 


0 (5) ad 


MSD BCD 
INPUTS 


Voc 
@) MSO BIAS 
CIRCUIT 


DISPLAY SEGMENT IDENTIFICATION 


+265°C 


MSD SEGMENT 
OUTPUTS 
6) 8 
= 
- Ee 
CS S 
—& 
= aka 
O a re M 
ms lz 
_ (8) c NN nCy 
>» 2 5, 
[fs oe a 
= a 
rae, 29 
ll aeoar te ag “5 
Poa g 8A 
a 
+ Or ge 
-—?, 12. 
> “tS 
5s 
” 
in ——{(2) 9 2 IO 
> g3 
ae. 2 
OUTPUT 
BIAS CIRCUIT 
1/2 FOR MSD 


92CM- 31034 


NOTE: Functional diagram for least significant digit is identical 
aan to functional diagram used for MSD with the exception 
of Terminal Assignments (see Terminal Assignment dia- 
gram). A separate LSD Bias circuit, and % of the Output 


Bias Circuit is used for LSD. 


CA3168E 


Features: 


= Separate BCD inputs and segment outputs for 
each digit 

@ Input loading less than 15 uA 

w 12L logic with buffered inputs and outputs 

® Internal input overrange protection circuit 

= 5-V supply operation 

@ Internal biasing circuits 

® Output drive capability of 25 mA per segment 

@ Open collector outputs drive indicators directly 


CA3168E 
TERMINAL ASSIGNMENT 


LSO BCO 


' T 
MSD BCO NEUTS 


INPUTS 


LSD SEGMENT 
TPUT 
MSO SEGMENT io 2 id 


OUTPUTS 


TOP VIEW 


Vo[PINS 6 — 12(MSD), 
PINS 14—20(LSD)] 
aM 


RLOAD 


OUTPUT 


sangeet 


O 
VoISPLAY 
(DISPLAY SUPPLY) 


O O 
Voc GNO 


92CS-31033 


NOTE: See truth table for test sequence of input/output logic tests and 
Minimum R; oap = VpispLaAy ~ VOL For each of the 14 segment 


Max. InispLAY 


drive output terminals. (LED is not used in test circuit) 


Fig. 1 — Functional diagram for Most Significant Digit (MSD). 


Fig. 2 — Test circuit. 


415 


CA3168E 


TYPICAL ELECTRICAL CHARACTERISTICS at Vcc = 5 V, V1 = GND, 
Voisp. = 12 V, and Ta = 25°C, See Fig. 2 
Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS LIMITS UNITS 
[Typ.| Max._| 


| Min, 
eee 
ee Sea HL 
Input Current High, 1,4 JANBCDinputs=5V | — | 
Input Current Low, I, }AMLBCD inputs=O0V ‘| -10 | 
= 
Le 
lites 
ey 


TRUTH TABLES 


Most Significant Digit (MSD) Least Significant Digit (LSD) 


INPUTS OUTPUTS DISPLAY 
e f g 


INPUTS OUTPUTS 


a ABCD Ia c d 
0 0 0 00001 
001 0 
01 0 1 
0 


ooo CcC oO oO CO Cp 
coooo oe co oe 


ooo0eoooeoo°o 8 


ArecrErEworyonrun-o 


0 
0 
0 
0 
0 
0 
0 
0 
0 
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TV Chroma System 


“G" Suffix Type-Hermetic Gold-CHIP in. 
Dual-In-Line Plastic Package 


The CA3170G is a TV Chroma System of 
advanced design that incorporates all the fea- 
tures of the CA3070E but with the added 
advantage of the modified Hue Control Char- 
acteristic. With the CA3170G, the designer 
can provide a front panel hue control that 
functions linearly over its entire range, a 
particularly desirable consumer feature. 


The RCA-CA3170G is a monolithic silicon 
integrated circuit that performs the func- 
tions of subcarrier regeneration, ACC and 
APC detection, and tint control in color tele- 
vision receivers. It is designed to function 
compatibly with the CA3121E TV Chroma 
Amplifier/Demodulator in a  2-package 
chroma system. 


MAXIMUM RATINGS, Abso/ute-Maximum: 


DEVICE DISSIPATION:* 
U0 Ten a5 Cin ise olan Meare ate he ATA CRE OO HOTS Gr ace oo RS 750 mw 
Above T= G5 Cvs wh. dit.d as cad awash ER ROOT REE 
AMBIENT—TEMPERATURE RANGE: 


oO 
Operating cc: a sis eine ee A HR AROS AES Se ERE CASE a ee —40 to ioe 
S tO aes: ee 4 eae ire Oe Re Re Ae we ee hea ee te We oe —65 to +150 C 
LEAD TEMPERATURE (During soldering): 
At distance 1/16 1/32 inch (1.59 £0.79 mm) , 
from case for 10s max. «see rere eee ee we we we eh ee ee ee ee he +265 C 
ACC OUTPUT 
470/10 
© 
vtz24Vv 


|_& : 
oe OSCILLATOR 
OUTPUT 
(2) O 


SHUNT REG 
@ BIAS CIRCUIT 


eile 


| 
| CA3I706 


ai 


ALL RESISTANCE VALUES ARE IN OHMS 


UNLESS OTHERWISE INDICATED ALL CAPACITANCE VALUES 
LESS THAN 10 ARE IN MICROF ARADS 
10 OR GREATER ARE IN PICOFARADS 


92CM-27689R1 


Fig. 1 — Functional block diagram of CA3170G. 


a oe 
eon — seaaaieiaieliiaanene ——-+ 


HUE 
CONTROL 


APC 
ADJUST 

© KILLER ADJ 
O 


REG. AND 
BIAS CKT 


CHROMA 
INPUT 


ips CHROMA 
AMPLIFIED CHROMA GAIN CONTROL 


92CM-27690R1 


Fig. 2 — Simplified functional diagram of a two-package TV chroma 
system utilizing the CA3170G and CA3121E. 


CA3170G 


Features: 


® Voltage-controlled oscillator 

™ Keyed APC and ACC detectors 
™ DC hue control 

@ Shunt regulator 


The CA3170G is supplied in the 16-lead 
dual-in-line plastic package with a hermetic 
Gold-CHIP (G suffix). The chips used in the 
hermetic Gold-CHIP plastic packages are of 
the sealed-junction type designed to provide 
protection against the deteriorating effects 
of humidity and other surface contaminants 
without the need for a hermetic package 
enclosure. The semiconductor junctions are 
sealed by utilizing a silicon nitride passivation 
layer. A multilayered, highly corrosion- 
resistant, terminal-connection system of 
unique design is employed. 


CIRCUIT DESCRIPTION 


The CA3170G. is a complete subcarrier re- 
generation system with automatic phase con- 
trol applied to the oscillator. An amplified 
chroma signal from the CA3121E is applied 
to terminals No. 13 and No. 14, which are 
the automatic phase control (APC) and the 
automatic chroma contro! (ACC) inputs. 
APC and ACC detection is keyed by the hor- 
izontal pulse which also inhibits the oscilla- 
tor output amplifier during the burst interval. 
The ACC system uses a synchronous detec- 
tor to develop a correction voltage at the 
differential output terminal Nos. 15 & 16. 
This control signal is applied to the input 
terminal Nos. 1 & 16 of the CA3121E. The 
APC system also uses a synchronous detec- 
tor. The APC error voltage is internally 
coupled to the 3.58 MHz oscillator at bal- 
ance; the phase of the signal at terminal No. 
13 is in quadrature with the oscillator. 
To accomplish phasing requirements, an RC 
phase shift network is used between the 
chroma input and terminal Nos. 13 and 14. 
The feedback loop of the oscillator is from 
terminal Nos. 7 and 8 back to No. 6. The 
same oscillator signal is available at terminal 
Nos. 7 and 8, but the dc output of the APC 
detector controls the relative signal levels at 
terminal Nos. 7 or 8. Because the output at 
terminal No. 8 is shifted in phase compared 
to the output at terminal No. 7, which is ap- 
plied directly to the crystal circuit, control 
of the relative amplitudes at terminal Nos. 7 
and 8 alters the phase in the feedback loop, 
thereby changing the frequency of the 
crystal oscillator. Balance adjustments of dc 
offsets are provided to establish an initial no- 
signal offset control in the ACC output, and 
a no-signal, on-frequency adjustment 
through the APC detector-amplifier circuit 
which controls the oscillator frequency. The 
oscillator output stage is differentially 
controlled at terminal Nos. 2 and 3 by the 
hue control input to terminal No. 1. The hue 
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CA3170G 
ELECTRICAL CHARACTERISTCS, at T, = 25°C and ve = +24 V unless otherwise specified 


LIMITS 


CHARACTERISTICS SPECIAL TEST CONDITIONS CA3170G UNITS 


[MIN. | TYP. [MAX. 


Static Characteristics 


Voltage: 
Hue Control, V4 


Oscillator Input, Vg - 
APC Input, V13 


S$; CLOSED 
$3 OFF; 
$2, $4, $5 
OPEN 

See Fig. 8 


Regulator, V19 
Regulator Change, V109 


Horizontal Key 
Input, V4 


$1, Sg, Sq, Sg CLOSED, 

S3 in position 2, See Fig. 8 

S7, S5 OPEN, Sz, S4 CLOSED, 
$3 in position 1, See Fig. 8 


Currents: 
Oscillator Output, I2 


APC Output, !744, 142 


ACC Output, 175, 116 


Dynamic Characteristics (See Figure 6) 


Oscillator Outputs: 
Terminal No. 2, V2 S1 in position 1 0.75 


Sere [smvowm 
V16-V15 
Oscillator Pull- : tet 


© TO OSCILLOSCOPE 


Terminal No. 3, V3 


TI: UNIVERSAL WINDING, NO. 36 WIRE 
PRIMARY: 77 TURNS, L#/!.8 2H, Q* 40 
SECONDARY: 34 TURNS, CT; L=9 xH, Q=20 


+24V 
O CRYSTAL 
ae! PROBE OR 


EQUIVALENT® 
BUFFER |_lio. ) pROBE 
AMPLIFIER, |: 


NTSC GEN. SET ec FOR 
BURST OF 0.4 Vp-p 


ON 


NDARD 
SIGNAL MINUS 
LUMINANCE _ 3579545 


Hz 
CRYSTAL 


100 } ACC OUTPUT 


"ACC ADJ" 


PULSE 
4.5uS +4V REN 
PEAK PULSE 
DELAY ADJ. TO 
CENTER PULSE 
ON THE BURST 


@ADUUST C2 FOR 
MINIMUM OUTPUT 


MAXIMUM OUTPUT 
AT 3.579545 MHz 


50 pF 
© NOTES: 
1. ALL RESISTANCES IN OHMS. 
2. UNLESS OTHERWISE SPECIFIED 
(2) ARE 


ALL CAPACITANCES 
IN MICROFARADS 


3. V2 &V3 MEASURED WITH LOW— 
CAPACITY SCOPE PROBE < 20 pF 


+24 V 92CL-27694R1 


Fig. 5 — Dynamic characteristics test circuit. 
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phase shift is accomplished by the external 
R, L, and C components that couple the 
oscillator output to the demodulator input 
terminals. The CA3170G includes a shunt 
regulator to establish a 12-volt dc supply. 


seERrSERse 
AMBIENT TEMPERATURE(Ta) #25°C sues cicees 
175 Ty ase Seecucsscece 
Sg sesssncisesitea eed ioasastieasssestosstasteazess 
+ 
ide cauassesasseecsisens seme ast aastosstittoesstees 
re 
Moog cats ttt eeveateeas eases tect coms cessta ECE 
ru gee cases cise cossa veces coats seees cesssceccs trace sects 
3 3 ee cS Series siipees ese 
Se TSR SEO PROTO 3 es RaGnEe 
zo i Sages Sensi ttees cores seecscecse 
Ee Seas tessececssscess 
3° 75 joe Gadesuueessnees 
4 aH jusdsnescceaseewauaess 
Og A Ht ttt peeans 
z Pert t ttt ttt 
_ had 
= eenae. scares seenasanss 
= sean an 
i 


SO 
ase scusen 
ce) 28 50 75 

HUE CONTROL VOLTAGE(V,)—% OF REGULATOR VOLTAGE(ViQ) 


92CS-27692 


Fig. 3 — Typical hue control characteristic. 


HUE CONTROL (1) 


ouTPUT 
uU 
osc © 
OUTPUT (14) ACC INPUT 
RIZ. KE 
PULSE INPUT RD) ACG INE ET 
apc 
osc INpuT ©) OUTPUT 
osc. FEEoBACK { @ © Sno BAS” 
LOOP (3) NC 
NC =NO CONNECTION 
92CS-27693 


Fig. 4 — Terminal diagram of the CA3170G. 


DYNAMIC TEST PROCEDURE 


1. With S2 in “OFF” position, short termi- 
nals 11 and 12. Then with S1 in 1 posi- 
tion, adjust CX for a frequency of. 
3.579545 MHz + 5 Hz. Measure the 
frequency using the frequency counter or 
by zero beat indication on the oscillos- 
cope. 

2. Remove short from terminals 11 and 12, 
and adjust ‘““APC’”’ control for zero beat 
on the oscilloscope. With S2 in “ON” po- 
sition, pattern on oscilloscope must Jock. 

3. With S2 in “OFF” position adjust “ACC” 
control to give output reading of 0 + 2 
mV between terminals 15 and 16. Then 
with S2 in “ON” position, read “ACC” 
output. 

4, Example of pull-in testing to + 200 Hz: 
With S2 in “OFF” position, adjust CX 
for frequency of 3.579545 + 200 Hz. 
Then with S1 in position 1 and S2 in 
“ON” position, pattern on _ oscillos- 
cope must lock. 


5. Repeat Step 4 with CX adjusted to - 200 
Hz. 


CA3170G 


OSCILLATOR ACC ACC APC APC REGULATOR OPEEDBACK 
: OUTPUT JQUTPUT INPUT INPUT pla AND BIAS LOOP 
HUE 

R36 R37 R4 

eos 200 200 200 

Q33 
Q32 
Q4 

Q2 


Q3 
Q2e7 S RID R24 2 Q28 
55 K 55 K 


su 
HORIZONTAL , 
KEY PULSE 
INPUT 
@— R23 
54K 
Qi 
Q3i 
TERMINAL 9 NO CONNECTION OSCILLATOR ; 
ALL RESISTOR VALUES ARE IN OHMS () © iweut neck 2 tSo" 
Fig. 6 — Schematic diagram of the CA3170G. 
0.01 
oe +24V 
TO TERM. 6 se ‘ 
TL s 
100 K 
KILLER 
ADJUST 
47K 
2pF 
O -HA9- - - rr HH HOD- - —- HE“ - -— - A 
CHROMA | | 
INPUT | 2.7K -Y 
| OUTPUT 
47 
4? | 33K 47 
| | O ° O OO @ O e 
aT { | = S$4 
| 2.7K R~-Y ¢ ee , ae 9 er © 
25K CASIZIE OUTPUT 
a ) 3.5K 47 ew) Oris rw) (9) 11 
| 
TILT AOJ. aa GUORORP RORORORO© 
2.7K G-Y 
CUTPUT CA3I70G6 
| 33K 47 
Seah ae 4 OLGROROTONOTOLO 
0.01 +24.V - @Q 
e O Sl OS3 O Ss2 
470 1470 - ie 
5K ) e e e YOFF ) ) 
CHROMA 
ty. = 
GAIN CONT. eR 
50 +24V 
470 2 100 kN SO kQ 
27K 470/1W 
vtO 
92CS ~27691R] 
K 180 
ane 47H ISH 6.8 pH 
or Fig. 8 — Static characteristics test circuit 
Stor 


RESISTANCE VALUES ARE IN OHMS. 
UNLESS OTHERWISE INDICATED, ALL CAPACITANCE 
VALUES LESS THAN | ARE IN MICROFARADS, 
!OR GREATER ARE IN PICOFARADS. 


HORIZ. KEY PULSE 
+4V,4.5u5 
INPUT 


92CL-27688RI 


Fig. 7 — Outboard circuitry of a typical two-package chroma system for 
color-TV receivers utilizing the CA3121E and CA3170G. 
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CA3172G 
TV Chroma Demodulator System Features: 
@ Synchronous detector with color- 
difference matrix 
The RCA-CA3172G is a monolithic silicon 7. The color-difference signals, after matrix, séice: eee 
integrated circuit intended for use as a have a fixed relationship of amplitude and . deal eaneed viel pur ampritier: with 
chroma demodulator in TV applications. phase. | at Todiesl sgh abe . ron, = 
It is operated from a 24-volt supply. The outputs of the CA3172G are suitable for vPicel it output ratio.o1 0.96 and.89, 
The device has synchronous detectors with driving high-level color-difference or R, G, _ G-Y output ratio of 0.33 and 244", 
matrix circuits to achieve the R-Y, G-Y, and B output amplifiers. The emitter-follower and B-Y output ratio of 1.0 and 0° 
and B-Y color-difference output signals. Stages used to drive the high-level color am- 
The chroma input signal is applied to termi- plifiers have short-circuit protection. 
nal Nos. 3 and 4, while the oscillator injec- The CA3172G is supplied in a 14-lead dual- 
tion signal is applied to terminal Nos, 6 and in-line plastic package. 
Maximum Voltage and Current Ratings 

MAXIMUM RATINGS, Absolute Maximum- Values at T, = 25°C at Ta = +25°C 
DC SUPPLY VOLTAGE (Terminal 8 to Terminal 14)... 0.0.0... 000 e eee eee ees 27 Vv Voltage* 
REFERENCE INPUT VOLTAGE 2.11. cece ee ene ete rece nannns 5 Vp» 
CHROMA INPUT VOLTAGE ow. ee ee ete tee eens 5 oe No. (|VOLTS|VOLTS 
DEVICE DISSIPATION: 

AUG 16. TA O70 Co: sae @ Aah ald See he ee ee Se es Si 530 mW 

Above Tia © 470°C se ont ige ds ho oh en a WE OW Rea Seats Derate Linearly at 6.7 mW/°C 
AMBIENT TEMPERATURE RANGE: 

ODGrETING: .« 6.45/0.5-0, Wad wee Oe 4 aa we ee eS ace ie ee ee ~40 to +85°C 

SUGlAGe: vig d hed vege Gone eho Gow Wie Se we te ig al be ae & a ea -65 to +150°C 
LEAD TEMPERATURE (During Soldering): 

At distance 1/32 in. (3.17 mm) from seating plane for 10s max. ......2 02 cee cease +265°C 
ELECTRICAL CHARACTERISTICS, at 7, = 25°C and Vt = +24 V unless otherwise specified * With reference to terminal No. 14 and with 


the voltage between terminal No. 8 and termi- 
nal No. 14 at +24 V except as given in rating 
for terminal No, 8 


LIMITS 
CA3172G 


YP. 


SPECIAL TEST 


CHARACTERISTICS CONDITIONS 


3 


SYMBOLS 
Static Characteristics® 


Pirouettes | ty (sycioms 

With Output Loads Iy S1 Closed 

[With No Gurput oad | [Sy Open 

(Gromainpos | VayVq_ [81 Onen 
V7__|S1 Open 


Reference Subcarrier 

Dynamic Characteristics 

Demodulator Unbalance |Vg, V14, V43| V3 = V4=0 

Maximum Color Differ- aes! os 
ence Output Voltage V3=V4= 0.35 Vp-p 

Chroma Input Sensitivity 


mA 


3.6 


Bar 


< 
? 
f 


< 
As 
5) 


Adjust e, for 5.0 
Vo-p @ term No. 


13 (B-Y) 


R-Y Output Ratio 
G-Y Output Ratio 


Voc Difference IVgl - 1V 441 
Between any two IVol - IV 43! V 
Output Terminals - IVaql- IV yal: 

Input Impedance R;6, 7 kQ 
Reference Subcarrier C6, 7 pF 


U0 x 
a) 


Input Impedance at R;3, 4 
Chroma Inputs C;3, 4 
; Ro9, Rol, 
Output Resistance 


4 Test circuit Fig. 3 b Test circuit Fig. 4 


o> 
~N 
ie 
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CA3172G 


Ovt24v 
ii ol 
@ + 
200 ee ee be \pamigees, -4| 
o | 
CHROMA 
INPUT 27K l 
i OUTPUT ork 
(4) AMPL (11) OR-Y OUTPUT 
Ol 
| | 3.3K 47 
| | i 
= 05 | Mw | = = 
(S) : 27k 
REFERENCE BIAS T T 
SUBCARRIER 47 05 | i BS ahr (9) O6-¥ OUTPUT 
O ! | ase. Aa, 
| a ae 
| | 27K 
~ | >| rs (13) O8-Y OUTPUT 
| | 33K 47 
! o a ioe eee 
Ur eee a ae ee fee ee _J 
(14) 
ALL RESISTANCE VALUES ARE IN OHaS 
onresS That 10 ARE TN MICROFARADS PACITANCE VALUES = 92CM- 29067 


10 OR GREATER ARE IN PICOFARADS 


Fig. 1 — Functional diagram of RCA-CA3172. 


ot 


ra) 


Ri 
13 K 


RI4 
3.5 K 


RIG 
45 Kk 


Q23 


ORCL -20007 
Fig. 2 — Schematic diagram for CA3172. 
O © : B-y 
. 27K OUTPUT 
TO 2002 ® © - 
PUSH PULL 33K 47 
3.53 MHz y (3) (2) Try 
GEN. ADJUSTED . = 27K = OUTPUT 
TO GIVE de 4) ‘ (i) 0 
5.0 Vp-p AT CASI72 
TERMINAL No.13 3.3K 47 
ec ©) © T G-Y 
+ = 27k = OUTPUT 
CA3172 = 6) (3) 0) 
3.3K 47 
@ © Ab 
4+ 24y 05 pF ne ~ 7 
o +24V 
NOTE: 

REF. SUBCARRIER ALL CAPACITORS GIVEN IN pF 
5d GEN. ADJUSTED FOR |V¢6|=[V7]*|1.0 Vp-p| UNLESS OTHERWISE NOTED. 
rn ae (PHASE SEPARATED BY 104°) ALL RESISTANCES IN OHMS. 

a 92C$-29069 
Fig. 3 — Static characteristics test circuit. Fig. 4 — Dynamic characteristics test circuit. 
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CA3189E 
FM IF System 


Includes IF Amplifier, Quadrature Detector, AF 
Preamplifier, and Specific Circuits for AGC, AFC, 
Tuning Meter, Deviation-Noise Muting, and ON 
Channel Detector 


For FM IF Amplifier Applications in High- 
Fidelity, Automotive, and Communications 
Receivers 


Features: 
# Exceptional limiting sensitivity: 
12 uV typ. at —3 dB point 
® Low distortion: 0.1% typ. (with double-tuned coil) 
® Single-coil tuning capability 
= Improved S + N/N Ratio 


= Externally programmable recovered audio 
level 

® Provides specific signal for control of inter- 
channel muting (squelch) 

= Provides specific signal for direct drive of 
a tuning meter 

@ On channel step for search control 

= Provides programmable AGC voltage for 


The RCA-CA3189E* is a monolithic inte- 


grated circuit that provides all the functions 
of a comprehensive FM-IF system. Fig. 1 
shows a block diagram of the CA3189E, 
which includes a three-stage FM-IF ampli- 
fier/limiter configuration with level de- 
tectors for each stage, a doubly-balanced 
quadrature FM detector and an audio ampli- 
fier that features the optional use of a 
muting (squelch) circuit. 


The advanced circuit design of the IF. 


system includes desirable deluxe features 
such as programmable delayed AGC for the 
RF tuner, an AFC drive circuit, and an 
output signal to drive a tuning meter and/or 
provide stereo switching logic. In addition, 


internal power-supply regulators maintain a 
nearly constant current drain over the volt- 
age supply range of +8.5 to +16 volts. 


The CA3189E is ideal for high-fidelity oper- 
ation. Distortion in a CA3189E FM-IF 


System is primarily a function of the phase 
linearity characteristic of the outboard de- 
tector coil. 

The CA3189E has all the features of the 
CA3089E plus additions. See CA3189E 
features compared to the CA3089E in 
Table I. 

The CA3189E utilizes the 16-lead dual-in- 
line plastic package and can operate over 
the ambient temperature range of —40°C to 
+85°C. 


* Formerly Developmental Type No. TA10038. 


RF amplifier 
™ Provides a specific circuit for flexible audio 
output 


@ Internal supply-voltage regulators 


® Externally programmable “on” channel 
step width, and deviation at which muting 
occurs 


MAXIMUM RATINGS, Absolute-Maximum Values at Ty = 25°C: 


DC SUPPLY VOLTAGE (between Terms.11and4) . . . . . 0... ee 16V 
(between Terms. 11and14) . . . . 2... 16 V 
DC CURRENT (Out of Term. 15) cet ade ce OE Ue a cee, Like tee a lec he 2mA 


DEVICE DISSIPATION: 
Up to Ta = 85 C 
Above Tq = 85 C Ss 
AMBIENT-TEMPERATURE RANGE: 
Operating. 
Storage . . . . . . . we 
LEAD TEMPERATURE (During soldering): 
At distance not less than 1/32 inch (0.79 mm) from case for 10s max. 


ar 640 mW 
. derate linearly at 9.9 mw/°C 


—40 to +85°C 
—65 to +150°C 


+265°C 


Ute 74 
ALL RESISTANCE VALUES ARE IN OHMS 4+ QUADRATURE } C:100 pF 
*L TUNES WITH 100 pF (C) AT 10 7 MHz y INPUT 22nH | | 
os O N\N REFERENCE 
Qo = 75 (TOKO No. KACS K586HM OR 4 BIAS 
REGULATORS (11) one (9) 


CA3ZIB9E 


| iF AMPLIF! 


(ST TF 
AMPL 


INPUT 


MUTING 


MUTE (SQUELCH SENSITIVITY 


TUNING DRIVE 
METER CIRCUIT 


CIRCUIT 
© TO STEREO — 
THRESHOLD 
LOGIC CIRCUITS 7 [ = 


ON CHANNEL 
INDICATOR 


DELAYED 
AGC FOR (s) 
RF AMPL. 


TUNING METER OUTPUT 


92CM— 2995) 


Fig. 1 — Block diagram of the CA3189E. 
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ELECTRICAL CHARACTERISTICS, at T, = 25°C, vt = 12 Volts 


TEST CONDITIONS 


LIMITS 


CHARAC- 
TERISTIC 


SYMBOL UNITS 


Ee 
< 
3 


Static (DC) Characteristics 


Quiescent Circuit 
Current 


3 
> 


DC Voltages: 
Terminal 1 (IF Input) 


Terminal 2 (AC 
Return to Input) No signal input, 2,6 


Non muted 


—_ —_, 
N9 NO 
N 
b 


ie 

N | N 

+ > 
a pe < | < ue 


Terminal 3 (DC 
Bias to Input) 


Terminal 15 
(RF AGC) 


Terminal 10 (DC 
Reference) 


Dynamic Characteristics 


Input Limiting Volt- 
age (3 dB point) 


= 
La 


AM Rejection 
(Term. 6) 


Recovered AF 
Voltage (Term. 6) 


Total Harmonic 
Distortion:* 
Single Tuned (Term. 

6) 


Double Tuned 
(Term. 6) 


Signal plus Noise to 
Noise Ratio 
(Term. 6) 


Deviation Mute 
Frequency 


On Channel Step 


fo} 


< 


% 


° 


NO 


Deviation 
+75 kHz 


% 


; x 
; | i 
N 


* THD characteristics are essentially a function of the phase characteristics of the network connected 
between terminals 8, 9, and 10. 


CA3189E 


ap lOnF 
SIGNAL = 
INPUT 0.01 uF AFC 10 pF 
wal ourput | 
J: 5K 
(6) AUDIO 
c#*lL. ouTPuT 
| @ a 
0.02 
rol 
470 
TO 
PIN (3 FF033 uF 
47k 


150 pA 
FULL 
SCALE 
ALL RESISTANCE VALUES ARE IN OHMS 
* T: PRI. -Qg(UNLOADED)@ 75(TUNES WITH 100 pF (Cl) 201 OF 34e ON 
7/32" OIA. FORM | 
SEC. -Qo(UNLOADED) = 75 (TUNES WITH 100 pF (C2) 201 OF 34e ON 
7/32" DIA. FORM 
kQ(PER CENT OF CRITICAL COUPLING) % 70 % 
(ADJUSTED FOR COIL VOLTAGE Vc )=150 mv 
ABOVE VALUES PERMIT PROPER OPERATION OF MUTE (SQUELCH) CIRCUIT 
"E" TYPE SLUGS, SPACING 4mm 


**C=0.0i uF FOR 50 us DEEMPHASIS (EUROPE) 
= 0.015 wF FOR 75 us DEEMPHASIS (USA) 92CM- 29954 


Fig. 2 — Test circuit for CA3189E using a double- 
tuned detector coil. 


DC VOLTAGE SUPPLY Vt#I2V 
AMBIENT TEMPERATURE (Ta)=+25 °C 
SEE TEST CIRCUIT —SEE FIG. 3 


TUNER AGC DC 
VOLTAGE AT 
TERMINAL No. 15 


uw 
Oo 
a 
| oa 
a 
77) 
a 
ma 
co 

|2 
2 
Ox 
Sa 
az 
Q 

8 
wt 
>O 
Se 
we 
ae} 
oO 
1o) 
z 
| so 
2 
= 


10 100 1k 10k 100k 
INPUT SIGNAL — pV 92CS— 29955Ri 
Fig. 3 — Muting action, tuner AGC, and tuning 
meter output as a function of input 
signal voltage. 


aeeseus 
DC POWER SUPPLY (V*+)=12 V sesuees 
AMBIENT TEMPERATURE (Ta) 25°C 
200] SEE TEST CIRCUIT,..FIG. 3 


ie) 
CHANGE IN FREQUENCY (Af) — kHz 9205-29956 


Fig. 4-— AFC characteristics (current at Term. 7 
as a function of change in frequency). 


3 


Sa a a 


CA3189E 


(F AMPLIFIER 


meut 


INPUT 


S107 x 


TUNING 
) @ VASC FOR Vieerer © 


LEVEL DETECTOR TER CIRCUIT 


92Cu - 299582 


Fig. 5 — Schematic diagram of the CA3189E 


TABLE It — CA3189E Features Compared to CA3089E 


FEATURES CA3189E CA3089E 
Low Limiting Sensitivity (12uVtyp.) . 2... . Yes Yes 
Low Distortion . . . a ar ae ae ae a ee Yes Yes 
Single-coil Tuning Sapabiity. Stree te, of tae Te & Yes Yes 
Programmable Audio Level . . . .....2. 2... Yes _ No 
S/N: Mites .. 2 ort ah Sh ee, he we, ae ces kw owe, ee Ge Yes Yes 
DeviationMute ... ........ 2. 2. 2.48. Yes No 
Flexible AFC . . . . . By Soh ay ae Yes Yes 
Programmable AGC Threshold and Veltage othe SR Ne Ge Yes No 
TypicalS+N/N>70dB ... . Se “eo. es Se cae Yes No 
Meter Drive Voltage Depressed at Wem 

Low Signal Levels . . . i ae i, ep Bare. ee ees Yes No 
On-Channel Step Control elise Se dn & Geoae eo tae HE Yes - No 
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QUADRATURE REF iG 
©) weut eas © @our 


DETECTOR 


DEVIATION MUTE DETECTOR 
AND AFC AMPLI. 


Co 


MUTE DRIVE V © 


92CL.- 29952 


SIGNAL 
INPUT _-O-O1 HF 10 uF 
VOLTAGE ae 
AUDIO 
OUTPUT 
0.02 
aa 
TO 
PIN 13 0.33 pF 


TUNING METER(/) a 
LL 
1. SCALE 


ALL RESISTANCE VALUES ARE IN OHMS 
*_ TUNES WITH 100 pF (C) AT 10.7 MHz 
Qo(UNLOADED)® 75 (TOKO No. KACS K586HM OR EQUIVALENT) 


**C=0.0l uF FOR 50 us DEEMPHASIS (EUROPE) 
20.015 uF FOR 75s DEEMPHASIS (USA) 


92CM- 29953 


Fig. 6 — Test circuit for CA3189E using a single- 
tuned detector coil. 
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CA3189E 


LE DC SUPPLY VOLTAGE (V*)=12V H 
AMBIENT TEMPERATURE (Tq) + 25°C 114 


ost sterrates 
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LOAD RESISTANCE (BETWEEN TERM.7 AND TERM. 10)—k& 
92CS ~- 29957 
Fig. 7 ~ Deviation mute threshold as a function 
of load resistance (between Term. 7 
and Term. 10). 


SIGNAL (DEVIATION= +75 kH 


CA3IB9E ONLY 
w—--—— CAZIB9E PRECEDED BY 
FILTER AND GAIN STAGE 


N-—-—— = = CAZIB9E PRECEDED BY 
2 FILTER AND GAIN STAGES 


RELATIVE OUTPUT — dB 


SIGNAL LEVEL—p,V 92¢8 - 29960 
Fig. 8 — Typical limiting and noise characteristics. 


+12V 
O 
3.3k 
AFT 
10 
nF 
10.7 MHz 
et 
FROM ink 
TUNER 
AUDIO 
CA3I89E (6) 
2.2k 
ALL RESISTANCE VALUES ARE IN OHMS (16) © 
CF: CERAMIC FILTERS, TOKO CSFE OR EQUIVALENT (14) (13) 
*L TUNES WITH 100 pF (C) AT 10.7 MHz (15) Pas 


Qo (UNLOADED) # 75 (TOKO No. KACS K586 HM 
OR EQUIVALENT) 


a 
10k 2.2 13.9 
ma nF 
O 
RF AGC nary aap ae Ov 


TUNING 


92CL—-29958RI 


Fig. 9 — Complete FM IF system for high-quality receivers. 


AUDIO A.F.T. OV 
OUTPUT 


+12 V ; TUNING R.F. 10.7 MHz Ov 
METER A.G.C. INPUT 


92CS-29959R1 


COMPLETE FM IF SYSTEM 


FOR HIGH-QUALITY TUNERS desired, depending on the receiver 
The circuit, Fig.9, provides a requirements. Figure 8 shows 
complete FM IF system for a typical limiting and noise 
high-quality receiver. Either one characteristics for each circuit 

or two stages of amplification configuration which can be 

and bandpass filtering may be compared to the CA3189E alone. 


Fig. 10 — Printed circuit-board and component layout for circuit shown in Fig. 9. 
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TV Chroma Amplifier/ 
Demodulator 


Provides Complete System for Processing Chroma 
When Used with RCA-CA3070 or CA3170 
“G" Suffix Type-Hermetic Gold-CHIP in 


Dual-In-Line Plastic Package 


The RCA-CA3221G is a monolithic silicon 
integrated circuit chroma amplifier/demodu- 
lator with ACC, saturation control, and killer 
contro! for use in NTSC color TV receivers. 
It is designed to function compatibly with 
the CA3070 or CA3170 in a 2-package 
chroma system. The CA3221G is functionally 
identical to the industry standard CA3121, 
but has a modified saturation control as 
well as a modified color difference matrix. 


The CA3221G is supplied in the 16-lead 
dual-in-line plastic package with a hermetic 


MAXIMUM RATINGS at T, = 25°C 


Supply Voltage 
Device Dissipation: 

Up to T, = 55 C 

Above Ty, = 55 C 
Operating Temperature Range . 
Storage Temperature Range : 
Lead Temperature (During Soldering) 


At distance 1/16” +1/32” (1.59 +0.79 mm) from case for 10 s max. 


ACC 
INPUT. KILLER 
5 THRESHOLD 
ADJUST 


CHROMA 
INPUT 


ON CA3070 AMPLIFIED CHROMA 
OR CA3170 


SATURATION REF SUB 
CONTROL IN 


Features: 


CA3221G 


® Excellent linearity in dc chroma gain-controlled circuit 
& Improved filtering resulting in reduced 7.2-MHz output 


from the color demodulators 


= Current limiting for short-circuit protection 
= Good tolerance to B+ supply variations 


Gold-CHIP (G suffix). The transistor chips 
used in the hermetic’ Gold-CHIP plastic 
packages are of the sealed-junction type 
designed to provide protection against the 
deteriorating effects of humidity and other 
surface contaminants without the need for a 
hermetic package enclosure. The semicon- 
ductor junctions are sealed by utilizing a 
silicon nitride passivation layer. A multi- 
layered, highly corrosion-resistant, terminal- 
connection system of unique design is 
employed. 


. 30V 

D arse oS ae 1W 
derate linearly 10.5 mw/ Cc 
. —40to +85 C 

. —65 to +150 C 


+265°C 


CHROMA 

BANDPASS uce 
MOD. 
FILTER CG ewe 


ARRIER 


Cc 
PUT 92CM-30137 


Fig. 1 — Functional block diagram of the CA3221G. 


= Good temperature coefficient stability 
® Gold-CHIP for increased reliability 
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NTSC CHROMA INPUT SIGNAL (TERM. 2)—mVp-p 92Cs-22687 


Fig. 2 — Typical ACC plot for the CA3221G when 
used with the CA3070. 
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TERMINAL 6 VOLTAGE—Vde ——gacg_g0i38 


Fig. 3 — Saturation control characteristic. 
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ELECTRICAL CHARACTERISTICS at T, = 25°C and Referenced to Test Circuit (Fig-.7) 


CHARACTERISTIC, 
TERMINAL MEASURED, 
AND SYMBOL 


Supply Current, IT 


TEST CONDITIONS 


Input Sensitivity, V2 Vary Eg; set V4_ for2V RMS 
| $3 = 1 

Second-Stage Sensitivity, Vq | Vary Eg; set Vz_ for2V RMS 
$3 = 1 


Switch Positions: S1=2, S2=2, 


Output Voltage (Killer off) 


$3=1 Adjust killer potentiometer 


until output drops 


Saturation Control 
Characteristics: 
* Va4 

50% Gain 

0% Gain 


DC Output Balance 
(Between any 2 
outputs) 


Unbalance, 
Va. Vio V1 
$2=1, S3= 1 


Relative Outputs— 
R-Y, Vig 


G-Y, Vg 


$3 = 1 


Relative Phase — 
R-Y, Vig 


G-Y, Vg 


* See Fig. 3 for saturation control characteristic. 


Vary Eg; set V1 for 2 V RMS 
with S3 = 1. Set $3 = 2 
measure V 74 


Same as above, S3 = 3 


Demodulator Characteristics: 
Output Voltages, 
Vo. Vio. V1 


Eg=0; Switch Position: S1=1, 


Vary Eg; set V__ for 2 V RMS, 


Vary Eg; set V4 for 2 V RMS; 
read phase of Vj9 and Vg 


with V1 as reference 


CIRCUIT OPERATION 


The CA3221G consists of three basic circuit 
sections: (1) amplifier No. 1, (2) amplifier 
No. 2, and (3) demodulator. Amplifier 
No. 1 contains the circuitry for automatic 
chroma control (ACC) and color-killer sensing. 
The output of amplifier No. 1 (Terminal 3) 
is coupled to the Chroma Signal Processor 
(CA3070 or equivalent) for ACC and auto- 
matic phase control (APC) operation and to 
the input of amplifier No. 2 (Terminal 4) 
containing the chroma gain control circuitry. 
The signal from the color-killer circuit in 
amplifier No. 1 acts upon amplifier No. 2 to 
greatly reduce its gain under weak signal 
conditions. 


The output from amplifier No. 2 (Terminal 
14) is applied, through a Bandpass Filter, to 


the demodulator input (Terminal 13). The 
demodulator also receives the R-Y and B-Y 
demodulator subcarrier signals (Terminals 7 
and 8) from the oscillator output of the 
chroma signal processor. The R-Y and B-Y 
demodulators and the matrix network con- 
tained in the demodulator section of the 
CA3221G reconstruct the G-Y signal to 
achieve the R-Y, G-Y, and B-Y color differ- 
ence signals. These high-level outputs signals 
with low impedance outputs are suitable for 
driving high-level R, G, B output amplifiers. 
Internal capacitors are included on each out- 
put to filter out unwanted harmonics. For 
additional operating information and signal 
waveforms, refer to Television Chroma 
System (utilizing RCA-CA3070, CA3071, 
CA3072), File No. 468. 


CA3221G 


eo ee ea 
E 


HU 
CONTROL KILLER ADJ. 
O ; O 


APC 
ADJUST 
O 


G-Y 
OUTPUT 


CA3221G 


REG. AND 
BIAS CKT. 


OGND. O 
CHROMA 
GAIN CONTROL 


CA3070 
OR 
CA3170 


RSE oer ere eres ot Can este 


AMPLIFIED CHROMA 
92CM- 30142 


Fig. 4 — Simplified functional diagram of a two-package TV chroma 
system utilizing the CA3221G and CA3070 or CA3170. 


CHROMA INPUT 
+ TO DEMOOUL ATOR 


yb: Net FILTER O 
INPUT ee yj : 
ano 
Pi fa Pa 
R? 


NOTE: ALL RESISTANCES IN OHMS 
92CL~-30140 


TO ACC. AND (3) (6)SATURATION 
APC DET. one CONTROL 
casino" ua? 

Fig. 5 — Schematic diagram of CA3221G. 
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CA3221G 


2.7M 0.01 


O+24V 
TO TERM.6 


100 K 
KILLER 
ADJUST 


47K 


2 uF 
(1) (6- -~(5- - - - Or Ora er er rr 
CHROMA | 
INPUT | 
a7 , 
47 
| 
470 : 
| CA3221G 
es 
TILT ADyg. 
CHROMA 
GAIN CONT. _L 
50 +24V 
2.7K 470/1W 
20K 
APC 
ADS 


HORIZ. KEY PULSE 
+4V,4.5 us 
INPUT RESISTANCE VALUES ARE IN OHMS. 


UNLESS OTHERWISE INDICATED, ALL CAPACITANCE 92CL-30141 
VALUES LESS THAN | ARE IN MICROFARADS, 
1 OR GREATER ARE IN PICOFARADS. 


Fig. 6 — Outboard circuitry of a typical two-package chroma system for color-TV 
receivers utilizing the CA3221G and CA3170. 
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CA3221G 


TO 
TERM. 6 v*224V 
O 005 
whe B-Y 
27k OUTPUT 
O 
KILLER Tt 2.2k 47 pF 
27M — 2.7k ouTPUT 
‘ ok U 
2.2k 47pF 
47k T 6-Y 
2 Sl 100 = 27k = OUTPUT 
= 0 r) 
id 
E005 (6) (5) (3) (12) C1) id} (9) 2.2k 47 pF 
B66 k 62k =e al 
ae 10vO 
62k 
(1) (2) (3) (4) (5) (6) (7) (8) 
0.08 0.001 001 lae7o |470 
ie Sere eee 
0.05 
= 3.56-MHz oS) re i ee 
INPUT 50 82k 
i 1 oi \ 8-Y B-Y 
: SUBCARRIER 
*30pF & 3.9kQ VALUES MAY BE ADJUSTED TO Ft INJECTION 
GIVE THE DESIRED RESPONSE p> 90° PHASE DIFFERENCE 
Ti: PRIMARY @ SECONDARY WINDINGS =75,H, IV p-p 
Q=22, PRIMARY WINDING CENTER TAPPED 
$24V 2.7%] 1.2k L.2k 3150 
O 
= 92CM-30139 


OTE: 
2.2-kQ LOADS ONLY FOR TEST PURPOSE, 3.3-k2 LOADS RECOMMENDED FOR APPLICATIONS. 
RESISTANCE VALUES ARE IN OHMS. 


CAPACITANCE VALUES ARE IN MICROFARADS UNLESS OTHERWISE INDICATED. 


Fig. 7 — Typical characteristics test circuit for the CA3221G. 


Bat ae an et es Be 


432 


MOS Field-Effect 


Transistors 
Technical Data 


3N128, 3N143 


Silicon MOS Transistors x.channei depletion Types 


For Amplifier, Mixer, & Oscillator Applications in Military & 
Industrial VHF Communications Equipment Operating up to 250 MHz 


‘ 


RCA-3N128 and 3N143 are N-channel depletion-type silicon 


Maximum Ratings, Abso/ute-Maximum Values at Ty, * 25° C: 


insulated-gate field-effect transistors utilizing the MOS* *DRAIN-TO-SOURCE VOLTAGE, Vpg .......-.- 420: ~«V 
construction. The 3N128 is intended primarily for VHF *DRAIN-TO-GATE VOLTAGE, Vpg ..--.------ +20 V 
amplifier service in military and industrial applications. It *GATE-TO-SOURCE VOLTAGE, Vgs: 

also is extremely well suited for use in dc and low-frequency Continuousdc 2.2... +1, -8 Vv 
amplifier applications requiring a transistor having high Peakac 2... ee ee ee 415 OV 
power gain, very high input impedance, and low gate leakage. *DRAINCURRENT, Ip . 1... 2-0 - ee eee SO mA 

*TRANSISTOR DISSIPATION, Py: 

The 3N143 is designed for use as a VHF mixer and oscillator. At Ambient upto 25°C ............ 0000. 330 mW 
Because of their improved transfer characteristic and in- Temperatures above 25°... ......-... Derate 2.2 mw/°C 
creased dynamic range the 3N128 and 3N143 provide *AMBIENT TEMPERATURE RANGE: 

substantially better cross-modulation performance in linear Storage and Operating ...........--.., -65 to +175°C 


amplifier applications than conventional (bipolar) transistors 
and are free from diode-current loading common to junction 


*LEAD TEMPERATURE (During soldering): 
At distances not closer than 1/32 inch to 


type FET’s. These transistors are hermetically sealed in 
' JEDEC TO-72 metal packages. 


seating surface for 10 seconds maximum 


*In accordance with Jedec Registration Data Format JS9-RDF11B. 


ELECTRICAL CHARACTERISTICS: (At Ta = 25°C) 
- ' Measured with Substrate Connected to Source Unless Otherwise Specified. 


SYMBOL 
Gate Leakage Current 


Zero-Bias Drain Current | Ips 
Drain-to-Source Cutoff Current Ip(off) |Vps = 20V, Vgs =-8V 
Gate-to-Source Cutoff Voltage Va s(off)] Vps = 15 V, Ip = 50 A 


Forward Transconductance | ets | Vos = 15V, Ip =5mA, f = 1 kHz 
Drain-to-Source Channel Resistance tos(on) [Vps = 0, Vas =0, f = LkHz 


Small-Signal Short-Circuit 
Reverse Transfer Capacitance 4 Ciss_|{Vps = 15 V, Ip=5mA,f=0.1 to 1MHz 


Small-Signal Short-Citcuit Input Capacitance 


LIMITS 


w 
=z 
aS 
oo 


CHARACTERISTIC CONDITIONS 


Vos =0, Vag =-8V Ta = 25°C 
Vos =0, Veg =-8V Ta = 125°C 
V 


ps = I5V, Vgs =0 


* 


* 


— 
~~ 
° 
a 
oa 
So 
— 
N 
oo 
SoS 


eae 
0.25 Bebe 0.25}0.38 
aa 


Vos = 15V, Ip =5mA,f=0.1 to 1MHz 


Common-Source Configuration 


*) Input Admittance Yis | f= 200MHz mmho 
*} Forward Transfer Admittance Yss | Vos = 15 Volts mmho 
*! Output Admittance Yos |p =5mA mmho 


Maximum Available Power Gain 


Insertion Power Gain (Fixed Neutralization) 
See Fig. 1 


Power Gain (Conversion 


Vps = 15V, Ip = 1 mA, fq = 200 MHz 
(See Fig. 3) Gps) foyt = 30 MHz 


Noise Figure (See Fig. 1 & 2) Vps = 15V, Ip =5mA, f = 200MHz 


*Inaccordance with JEDEC Registration Data Format JS9-ROF-11B. 
4Three-Terminal Measurement: Source Returned to Guard Terminal. 


ae led fee, “| 
| / 
| Cs ouTPuT 
CoaD Cy C5: 1.5-5 pF variable air capacitor: E.F. Johnson Type 160-102 
or equivalent 
I 
' C3: 1-10 pF piston-type variable air capacitor: JFD Type VAM-010, 
wwpuT 100" Johanson Type 4335, or equivalent 
son = 
REN ‘a Cy, Ce: 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
a MH-13 or equivalent 
| 4.7K 
| 
| 
I | RFC 
( ” ” F 
EXTERNAL" 3235 OR EQUIV) Ly: 5 turns silver-plated 0.02” thick, 0.07 -0.08" wide copper 
| SH ribbon. Internal diameter of winding = 0.25"; winding 
Lo gp000 dt p10 length approx. 0.65”. Tapped at 1-1/2 turns from Cy end 
of winding 
La: Same-~as L, except winding length approx. 0.7"; no tap. 
Q = 3NtS4 


All Resistors in ohms and 1} 4W 
unless othermse specified 
All Capacitors in pF 


* TUBULAR CERAMIC 
* DISC CERAMIC 


Fig. 1 - Test circuit used to measure 200-MHz maximum 
usable power gain and noise figure for 3N128 


92CS— 14892RI 
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Performance Features 


@ Large dynamic range 

® Greatly reduces spurious responses in rceiver front ends 
@ Permits use of vacuum-tube biasing techniques 

® Excellent thermal stability 

® Superior crossmodulation capability 


Device Features 


® Low noise figure (3N128) — 3.5 dB typ. at 200 MHz 

® High VHF amplifier gain (3N128) — 16 dB typ. at 200 MHz 

® Low input capacitance — 5.5 pF typ. 

® High transconductance — 7500 pmho typ. 

® High input resistance — 1014 2 typ. 

® High conversion gain (3N143, mixer) — 13.5 dB typ. at 
200 MHz 


Applications 


@ VHF amplifiers, mixers, converters and if-amplifiers in 
communication receivers. 

® High-impedance timing circuits 

= Detectors, oscillators, frequency multipliers, 
splitters, pulse stretchers and current limiters 

™ Electrometer amplifiers =» 

® Voltage-controlled attenuators 

®@ High impedance differential amplifiers 


phase 


TERMINAL DIAGRAM 


- Drain 


- Source 


- Insulated Gate 


- Bulk (Substrate) 
and Case 


&wWN 


VHF NOISE 
SOURCE 

HP No. 343 OR 

EQUIVALENT 


NOISE FIGURE 
Mi 


HP No. 342A OR 
EQUIVALENT 


200 MHz 
POST 
AMPLIFIER 


SUPPLY 


POWER 
SUPPLY 


* SEE FIG. |FOR CIRCUIT 92CS- 1489) 


Fig. 2-Noise figure measurement setup for 3N128 


(1.8 V RMS) 
230 MHz LOCAL OSC. 


= 50 


200 MHz Spt 
INPUT 
ISaH 
L, = 4 Turns 1/4” dia., 3/8” long a 
No. 22 Bare-Tinned Wire 
Q = 3N143 Yoo *'6 Vv 
92CS-14838 


Fig. 3-Conversion power gain test circuit for 3N143 
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Fig. 4-Drain current vs. drain-to-source voltage 
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Fig. 7- Forward transconductance vs. drain current 


H AMBIENT TEMPERATURE (Ta)= 25°C 
FREQUENCY (f)= 200 MHz 
DRAIN- TO-SOURCE VOLTS (Vps)= +!5 


REVERSE TRANSFER CONDUCTANCE (9rg) 


OR SUSCEPTANCE (brs) — MILLIMHOS 


Q 2 4 6 8 to 
DRAIN MILLIAMPERES (To) 


92CS-16096 


Fig. 10-Reverse transadmittance vs. drain current 


COMMON- SOURCE CIRCUIT 

SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (Ta )2 25°C 
FREQUENCY (t)* 200 MHz 
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FORWARD. TRANSFER CONDUCTANCE (9 ¢_) 
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DRAIN-TO~SOURCE VOLTS (Vos) 


Fig. 13+ Forward transadmittance vs. drain-to-source 
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COMMON -SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Tg) = 25°C 
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Fig. 5-Drain current vs. gate-to-source voltage (Vos) 
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FREQUENCY (f)= 200 MHz 
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Fig. 8-Input admittance vs. drain current 
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Fig. 1] -Reverse transadmittance vs. drain-to-source 
voltage 
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Fig. 14-Output admittance vs. drain current 


3N128, 3N143 
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Fig. 6- Forward transconductance vs. gote bias voltage 


COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (Ta)= 25°C 
FREQUENCY (f )= 200 MHz 


DRAIN MILLIAM 
a 1 , | 
Saaean ' 
Saeeeeeganneuee a qi 
FEE atattase 
seeeeeereeee shee 
HH 
aun an 


- 
pe 
‘e 
+44 
fae 
teed 
++ 
+ 
bewet 


ae 
‘ 
+ 
+4 e4 
tte 
ette 
tte 


SUSCEPTANCE (bis)— MILLIMHOS }+ 1 
a 


+-+- 
pesceseeeetecs 
Hoo HY ae 
aaenee + Ty 
ee ae! 
Cry a oS saueenee 
BEGGS deeee BURRS CURA ese Rs Bee eee EROS 
fe) 5 Te) 15 20 


DRAIN-TO- SOURCE VOLTS (Vos) 
92CS-16095 


Fig. 9-Input admittance vs. drain-to-source voltage 
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Fig. 12- Forward transadmittance vs. drain current 
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Fig. 15-Output admittance vs. drain-to-source voltage 
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3N138 


SILICON INSULATED-GATE FIELD-EFFECT TRANSISTOR creme ospiston re 


For Critical Chopper Applications and Multiplex Service in 


Instrumentation and Control Circuits 


RCA-3N138 is a silicon, insulated-gate field- 
effect transistor of the N-channel depletion type. 
utilizing the MOS* construction. It is intended pri- 
marily for critical chopper and multiplex applica- 
tions up to 60MHz. 


; The insulated gate provides a very high value of 
input resistance (10'+4 ohms typ.) which is relatively 
Insensitive to temperature and is independent of 
gate-bias conditions (positive, negative, or zero 
bias). The 3N138 also features extremely low feed- 
through capacitance (0.18pF typ.) and zero inherent 
offset voltage. 


The 3N138 is hermetically sealed in the JEDEC 
TO-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 


* Metal-Oxide-Semiconductor. 


Maximum Ratings, Absolute-Maximum Values: 


(Substrate connected to source unless otherwise specified) 
DRAIN-TO-SOURCE 


VOLTAGE, Vps +35 max. Vv 
DRAIN-TO-SUBSTRATE 

VOLTAGE, Vor +35, -0.3 max. Vv 
SOURCE-TO-SUBSTRATE 

VOLTAGE, Vss -35, -0.3 max. Vv 
DC GATE-TO-SOURCE 

VOLTAGE, Ves 10 max. Vv 
PEAK GATE-TO-SOURCE 

VOLTAGE, Vas > 14 max. Vv 
PEAK VOLTAGE, GATE-TO-ALL 

OTHER TERMINALS: Ves, Ven, 

Vau, non-repetitive ~ 45 max. Vv 
DRAIN CURRENT, Ip (Pulse duration 

20 ms, duty factor < 0.10)........4. 50 max. mA 
TRANSISTOR DISSIPATION, Pr: 

At ambient temperatures up to 25°C . 330 max. mW 


dbove 25°C oda ksoctventen thes Derate linearly at 2.2e-mW/°C 
AMBIENT TEMPERATURE 
RANGE: 


Storage —65 to +150 °C 
Operating —65 to +125 °C 
LEAD TEMPERATURE 
(During Soldering): 
At distances = 1/32" to seating sur- 
face for 10 seconds max. 265 max. °C 


TERMINAL DIAGRAM 


1 - Drain 

2 - Source 

3 - Insulated Gate 
4 - Bulk (Substrate) 


and Case 
DRAIN-TO-SOURCE VOLTS *15 SaeEnSnSGee r+] = 
AMBIENT TEMPERATURE (Ta) = 25 °C Segertegeuetee 2 
PH ptt a - HH 

i serttit HE 4 
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GATE -TO- SOURCE VOLTS (Vgs} 


92CS- 19731 


Fig. 1 — Drain Current vs Gate-to-Source Voltage 


DRAIN MILLIAMPERES (Ip) 


See 
HHH 


f aed s 
ejaanssceBancsinces 


DRAIN-TO -SOURCE VOLTS (Vps ) 
92CS~1972: 


Fig. 2— Drain Current vs Drain Voltage 


ELECTRICAL CHARACTERISTICS, at T, = 25° C, Unless Otherwise Specified. Substrate Connected to Source. 


CHARACTERISTICS SYMBOLS 


Gate-Leakage Current lass 


TEST CONDITIONS 


LIMITS 
Type 3N138 


0, Vis = 0, f=1 KHz, Ta = 25°C 


Drain-to-Source ON” Resistance 


Drain-to-Source “OFF” Resistance 


Drain-to-Source Cutoff Current 


Small-Signal, Short-Circuit, Reverse 
Transfer Capacitance 


Small-Signal, Short-Circuit, Input 
Capacitance 


Zero-Gate-Bias Forward Transconductance 


* jn measurements of Offset Voltage, thermocouple effects and contact 


potentials in the measurement setup may cause erroneous readings of 1 
microvolt or more. There errors may be minimized by the use of solder 
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Vas = —10, Vos = +1, T, = 25°C 
In(off) View = —]0, View =+1, tT ] 


= Vos = —10, Vios = 0,f= 1 MHz 
— Vos = —10, Vis = 0,f= 1 MHz 


Cr 
Crs 
Offset Voltage a Vos = £10, Vos = 0 


rys(on) = 410 Vim = 0, f= 1 KHz. Ta = 25°C 
is = 0, Vig = 0, f = 1 KHz, Ty = 125°C 


is = —10,Vps = +1 


25°C 


having a low thermal e.m.f. such as Leeds & Northrup No.107-1.0.1, 


or equivalent. 


ORAIN- TO- SOURCE STATIC RESISTANCE - OHMS 


Features 


excellent thermal stability 
zero inherent offset voltage 
low leakage current: 10 pA max. 
low ‘‘on"’ resistance — 
nsfon) = 2400 typ. (Vg, = OV) 
* high “off” resistance — 
R, (off) =- 101°) typ. 
* low feedback capacitance —~ 
C,.. =* O.18pF typ. 
¢ low input capacitance — 
C... =: SpF typ. 


Applications 
Servo Amplifiers 
Telemetry Amplifiers 
Computer Operational Amplifiers 
Sampling Circuits 
Electrometer Amplifiers 


ry 
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Ww 
a 
= 
= 
a 
= 
= 
Zz 
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« 
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we ae 
(O SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (Ta )® 25°C 


to 


GATE-TO-SOURCE VOLTS (Vg ) 
92CS - 19732 


Fig. 3— Drain Current vs Gate-to-Source Voltage 


SUBSTRATE CONNECTED TO SOURCE 
AMBIENT TEMPERATURE (Ta)= 25°C 


-t20 -80 ~40 ie) 40 80 120 
DRAIN-TO-SOURCE MILLIVOLTS (Vos) 
92C$-14653R) 


Fig. 4—- tow-Level Drain Current vs 
Drain-to-Source Voltage 


SUBSTRATE CONNECTED TO SOURCE 
ORAIN-TO-SOURCE VOLTS (Vo5)* +! 
AMBIENT TEMPERATURE (Ta) * 25°C 


eS 
cee Rees 
++ EaSEe 


GATE-TO-SOURCE VOLTS (v6s) 


92CS -14652R1 
Fig. §— Drain-to-Source Static Resistance vs 
Gate-to-Source Voltage 


SILICON MOS TRANSISTOR scree: depiction te 


For Audio, Video, and RF Amplifier Applications in 
Communications, Instrumentation and Control Circuits 


RCA 3N139_ is a silicon, insulated-gate field- 
effect transistor of the N-channel depletion type, 
utilizing the MOS* construction. It is a general purpose 
transistor especially suited for audio, video, and rf 
applications, and for wide-band amplifierdesigns. The 
insulated gate provides a very high input resistance 
(1014 © typ.) which is relatively insensitive to tempera- 
ture and is independent of gate-bias conditions (positive, 
negative, or zero bias). The 3N139 also has a high 
transconductance, a low value of input capacitance 
(3 pF typ.), and a very low feedback capacitance 
(0.19 pF typ.). 


The 3N139 is hermetically sealed in the standard 
4-lead JEDEC TO-72 package. 


Maximum Ratings, Absolute-Maximum Values: 


DRAIN-TO-SOURCE VOLTAGE, Vps... +35 max. V 
DRAIN-TO-SUBSTRATE VOLTAGE, Vpp +35, -0.3 max. V 


SOURCE-TO-SUBSTRATE 
VOLTAGE, Vop. esse ee ee ee eeee +35, -0.3 max. V 


DC GATE-TO-SOURCE VOLTAGE, Vgs. +10 max. V 


PEAK GATE-TO-SOURCE VOLTAGE, VGsS +14 max. V 
PEAK VOLTAGE, GATE-TO-ALL OTHER 

TERMINALS; Vos. VGp. VGB, non- 

FEPCLitiveseniceS So aye Sma wae: Sees es +42 max Vv 
DRAIN CURRENT, Ip cece cece cess 50 max. mA 
TRANSISTOR DISSIPATION, Pr: 

At ambient temperatures up to 25°C..... 330 mW 

above 25°C . 0... ce cee eee eee Derate linearly at 2.2 mW/°C 
AMBIENT TEMPERATURE RANGE: 

Sore bei ata ss 2.) Gk Shen ae has 65 to +175 °C 

ODS RAL G 6.45.06 Hk % Raa i wens 65 to +175 °C 
LEAD TEMPERATURE (During Soldering): 

At distance not closer than 1/32 inch to 

seating surface for 10 seconds max... 265 max. °C 


* Metal-Oxide-Semiconductor 


ELECTRICAL CHARACTERISTICS, at T, = 25° C Unless Otherwise Specified. Bulk (Substrate) Connected to Source 


TEST CONDITIONS 


oc 
DRAIN-TO- 
SOURCE 


FREQUENCY 


CHARACTERISTICS SYMBOLS 


4 
> 
tt 
nN 
wo 
° 
° 


A) ae 


Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate) 


—_ 
wm 


— 
wn 


VOLTAGE 
DS 


— 
wo 


DC DC 
GATE-TO- DRAIN 
SOURCE CURRENT 
VOLTAGE 


3N139 


FEATURES 


@ high input resistance 
Res =1014 Q typ. 

@ low input capacitance 
C;. =3 pF typ. 

@.iow feed back| capacitance 
Cres = 0.2 pF typ. 

@ low gate leakage current 
loss =0.1 nA typ. 


@high drain-to-source voltage: +35 max. V 


TERMINAL ARRANGEMENT 


1 - Drain 
2 - Source 
3 - Insulated Gate 


4- Bulk (Substrare) 
and Case 


23: SOURCE-AND SUBSTRATE GROUNDED 
:. AMBIENT TEMPERATURE (Ta )= 25°C 
Pere en 


thy 
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HH 
aa 4 = 
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Reeas"Seeere 


-~Senece. 


eoene 
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ORAIN~TO-SOURCE VOLTS (Vp) 
92CS -19721 


Fig. 1 — Drain Current vs Drain Voltage 


_ 


— 


ie | <|< 
o}| 0° 3 


FREQUENCY (f) =tkHz 
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GATE -TO-SOURCE VOLTS (Vg ) 
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GATE-TO-SOURCE VOLTS (Vg } 


92CS -19732 92CS -19733 


Fig. 4— 1 KHz forward transconductance vs gate-to-source 
voltage 


Fig. 2— Drain Current vs Gate-to-Source Voltage Fig. 3— 1 KHz forward transconductance vs drain current 
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3N140, 3N141 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS  .cranne: cepieton type 


For Amplifier and Mixer Applications Up to 300 MHz 


RCA-3N140 and 3N141* are n-channel silicon, depletion 
type, dual insulated-gate, field-effect transistors util- 
izing the MOS** construction. They have exceptional 
characteristics for rf-amplifier and mixer applications at 
' frequencies up to 300 MHz. These transistors feature a 
“series arrangement of two separate channels, each 
channel having an independent control gate. 


The 3N140, used in a common-source configuration in 
which gate No.2 is ac grounded, reduces oscillator feed- 
through to the antenna thereby minimizing oscillator 
radiation. The 3N141 provides excellent isolation be- 
tween the oscillator and rf signals because each of the 
two signal frequencies being mixed has its own control 
element. 


The mixing function performed by the 3N141 is unique in 
that the signal applied to gate No.2 is used to modulate 
the input-gate (gate No.1) transfer characteristic, This 
technique is superior to conventional “square law’’ 
mixing, which can only be accomplished in the non- 
linear region of the device transfer characteristic. 


The use of the 3N141 as described provides high useful 
conversion gains at all vhf frequencies, and the reduc- 
tion in spurious responses is substantial and easily 
obtainable in simple circuits. 


Maximum Ratings, Absolute-Maximum Values, at T, = 25°C 


DRAIN-TO-SOURCE VOLTAGE, Vps. - 0 to +20 Vv 
GATE No. 1-TO-SOURCE VOLTAGE, Veils: 

Continuous (dc) .... 22. ee wees 8 to +1 vV 

Peak: a> 9g 3:8 sw eee es ee ee. Mes -8 to +20 Vv 
GATE No.2-TO-SOURCE VOLTAGE, Vqo2s: 

Continuous (dc)... 6. ee eee ee 8 to 40% of Vps_ VV 

Peak::ac 6.456 eciejeeyscar8' ts ee CEC See -8 to +20 Vv 
DRAIN-TO-GATE VOLTAGE, 

VpG1 OR VpG2.-. 662. eee eee +20 v 
DRAIN CURRENT, Ip 

(Pulsed): Pulse duration < 20 ms, 

duty factor © 0.15..... SL aFoha re secwra 50 mA 
TRANSISTOR DISSIPATION, Py: 

At ambient up to 25°C... . 2... 400 mW 

temperatures above 25°C ....... derate linearly at 

2.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating .......... -65 to +175 &¢ 
LEAD TEMPERATURE (During soldering): 

At distances > 1/32 inch from 

seating surface for 10 seconds max. . 265 °C 


The 3N140 and 3N141 are hermetically sealed in metal 


JEDEC TO-72 packages. 


* Formerly Dev. Nos. TA2644 and TA7274, respectively. 


** Metal-Oxide-Semiconductor. 


ELECTRICAL CHARACTERISTICS, at Ta = 25°C Unless Otherwise Specified. Common-Source Circuit. 


CHARACTERISTICS 


SYMBOLS 


Gate No.1 Leakage Current 


Gate No.2 Leakage Current 


G2 
Small-Signal, Short-Circuit DS 
Input Capacitance® 


Smali-Signal, Short-Circuit Reverse 
Transfer Capacitance (Drain to 
Gate No.1) 


{ss 


Small-Signal Short-Circuit 
Output Capacitance 


Power Gain (See Fig.1 
for Measurement Circuit) 


Conversion Power Gain 
(See Fig.2 for Measurement Circuit) 


Measured Noise Figure 
(See Fig.1 for Measurement Circuit) 


“ Pustle test: Pulse duration < 20 ms, duty factor < 0.15. 
* Capacitance between Gate No.1 and all other terminals. 
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TEST CONDITIONS 


Gate No. 1-to-Source Cutoff Voltage Vgis(off Vos = +16V, Ip = 200 uA 
V = +4V 
G2s 
Gate No.2-to-Source Cutoff Voltage Veas(off os = +16V, Ip = 200 BA 
=0 
G1s 


Igiss 
Veis = -20V, VGas =0 
Vos = 0, Ta = 125°C 
Vv = +1y 

I G2s 

G2Ss :, s rr) 
Vos = 9 Vers = 9, Ta = 25°C 
V625 = -20V, Vels =0 
Vos = 0, Ta = 125°C 


0.2 
Zero-Bias Drain Current Yop = *+14V, Veis = 9, 
Vqus <4 
Forward Transconductance Vop = *14V, tp = 10 mA 6000 | 10000] 18000} 6000 | 10000 | 18000 | umho 
(Gate No.1 to Drain) Vegas = +4V,f = 1kHz 
Cutoff Forward Transconductance 2, (off) Vop = + l4v, Veis = 0.5V 
(Gate No.1 to Drain) V g 7 -2V, f= 1 kHz 
Vos 7 t13V, Ip = 10 mA 


C. 

'ss = is 
oe Maze Ta ME 

c 


Vos = +13V, Ip = 10 mA 
Ve2s5 = +4V,f = 1 MHz 


Vos = +13V, Ip = 10 mA 
Vgag = +4V, f= 1 MHz 
Vop = t15V, Rg = 27082 . 
f = 200 MHz, Re = 502 

Vop = t15V, Rg = 12022, 
finy = 200 MHz, foyy = 30 MHz 


Oscillator injection voltage® 
= 2.5 V (rms) 


NE Vop = t15V, Rg = 2702 
f = 200 MHz, Re = 502? 


TYPE 3N140 
RF AMPLIFIER 
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“ Three-Terminal Measurement with Gate No.2 and Source Returned to 
Guard Terminal. 


© Measured from gate No.2 to source. 
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APPLICATIONS 


e RF amplifier and mixer in military and industrial 
communications equipment ; 


© aircraft and marine vehicular receivers 
e CATV and MATV equipment 

e telemetry and multiplex equipment 
PERFORMANCE FEATURES 


e wide dynamic range permits large-signal handling 
before overload 


@ dual-gate permits simplified age circuitry 

@ virtually no agc power required 

@ greatly reduces spurious responses in fm receivers 
@ permits use of vacuum-tube biasing techniques 

e excellent thermal stability 


@ superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET’s 


DEVICE FEATURES 


@ low gate leakage currents - - 


IG1ss & 1G2Ss = 1 nA max. at TA = 25°C 


e high forward transconductance - - 


9¢, = 6000 umho min. 


@ high unneutralized RF power gain - - 


Gs = 16 dB min. at 200 MHz 


-@ low VHF noise figure - - 4.5 dB max. at 200 MHz 


TERMINAL DIAGRAM 


LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.1 


LEAD 4 - SOURCE, SUBSTRATE 
AND CASE 


HMITE TYPE 
35 OR EQUIV.) 


le See fond eames es Ss ee en em te) 


36K 


O 
‘. (NEG) 
Vace 
a eae, Ld 


Q = 3N140, 
Y Disc ceramic. All resistors in ohms 
* Tubular ceramic. All capacitors in pF 
* Ferrite bead (1/2 used); Indiana General No.H1742C-(A-147), 
F-1157-1-H 
C,, Co: 15-5 pF variable air capacitor: E.F. Johnson Type 160-102 
or equivalent. 


C3: 1-10 pF piston-type variable air capacitor: JFD Type VAM- 
010, Johanson Type 4335, or equivalent. 

Cy: 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH-13 or equivalent. 


Ly: 5 turns silver-plated 0.02" thick, 0.07 0.08" wide copper 
ribbon. Internal diameter of winding = 0.25", winding 
jength approx. 0.65" Tapped at 1-1/2 turns from Cy endof 
winding. 


Lo: Same as Ly except winding length approx. 0.7% no tap. 


Fig.] - 200 MHz power gain and noise figure test circuit 
for type 3N140. 


+15V 


92CS-15108 


Q = 3N141, 

* Disc ceramic. 

* Tubular ceramic. 
All resistors in ohms 
All capacitors in pF 


Cy, Co: 1.5-5 pF variable air capacitor: 


or equivalent. 


C3: 1-10 pF piston-type variable air capacitor: 


010, Johanson Type 4335, or equivalent. 


iston-type variable air capacitor: Roanwel!l Type 


MH-13 or equivalent. 


Ly: 5 tums silver-plated 0.02" thick, 0.07 "0.08" wide copper 
ribbon. Internal diameter of winding = 0.25%, winding 


tength approx. 0.65" Tapped at 1-1/2 turns from Cy endof 


winding. 


Lo: Ohmite 2-144 RF choke or equivalent. 


L3: J.W. Milles 


Note: If 502 meter is used in place of sweep detector, a low pass 
filter must be provided to eliminate local oscillator voltage 


from load. 


Co. #4580 0.1 nH RF choke or equivalent. 


Fig.2 - Conversion power gain test circuit 
for type 3N141. 


COMMON—SOURCE CIRCUIT, GATE No. INPUT 
AMBIENT TEMPERATURE (Ta)* 25°C 
FREQUENCY (1) = 200 MHz 
DRAIN~TO-SOURCE VOLTS (Vos) #I3 

GATE No.2 -TO-SOURCE VOLTS (Vgo5)"4 
GATE No.!-TO-SOURCE VOLTS (Vgis) VARIED 


NOISE FIGURE (NF) — 4B 


ORAIN MILLIAMPERES (Ip) 


92CS—15110 


Fig.4 - NF vs Ip. 


AMBIENT TEMPERATURE (Ta)=25 °C 
ORAIN- es Secce yore os) "s 


ORAIN MILLIAMPERES (Ip) 


at No.2-TO 
LTS (Vg2s)*~ 


a 
' euenenses oan r 
Pett tt Ha HH 


GATE No. 1- TO-SOURCE VOLTS (Vgis) 
92CS~-14790R! 


Fig.7 - Ip vs Vels- 


COMMON - SOURCE CIRCUIT 
AMBIENT TEMPERATURE sel = 25°C 
FREQUENCY (f ) = 200 MHz 

DRAIN MILLIAMPERES (Ip) = 


Hi 
Pett 


SUSCEPTANCE (bys) -MILLIMHOS 
att 


OUTPUT CONDUCTANCE (go) OR 


rr foi 

' 2 3 4 5 6 7 8 8 W H 12 13 14 1 
ORAIN-TO-SOURCE VOLTS (Vos) 

g2ecs '4783 


Fig.10 - y,, vs Vps- 


IS ADJUSTED FOR Ip= 8 mo 
WHEN Vg25*4V 


POWER GAIN (Gps) —¢8 


ag 


-6 -§ -4 -3 -2 -! O | 2 3 4 5 6 
GATE No. 2-TO-SOURCE VOLTS (Vegas) 


92CS-15049 


Fig.5 - Gps vs Vo25 (For 3N140). 


HAMBIENT TEMPERATURE (Ta)=25°C 
ORAIN-TO-SOURCE VOLTS (Vp5)=13 
GATE No.I-VOLTAGE (Vg) IS ADJUSTED 


ORAIN MILLIAMPERES (Ip) 


FORWARD TRANSFER CONDUCTANCE (g¢5) OR 
SUSCEPTANCE (byg) —MILLIMHOS 


FOR Ip :lOmA WHEN V6a5"4 V 


GATE No.2 AT AC- tl POTENTIAL 


GATE No.2-TO-SOURCE VOLTS (Vg2s) 
92C0S$ ~1441t 


Fig.8 - Ip vs Vgas- 


COMMON - SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Ta)=25 °C 
FREQUENCY (f) = 200 MHz 

DRAIN MILLIAMPERES (Ip)*8 

GATE No.2-TO-SOURCE VOLTS (Veas) = 4 


=!0 sueesseses saacecueue Seesuae HESReE 


ORAIN-TO- SOURCE VOLTS (Vos) 


92CS-14762Rt 


Fig.11 - ys, vs Vps. 


E.F. Johnson Type 160-102 


JFD Type VAM- 


3N140, 3N141 


COMMON SOURCE CIRCUIT, GATE No.l INPUT 
AMBIENT TEMPERATURE (Ta)*25°C 
FREQUENCY (f)* 200 MHz 
DRAIN-TO-SOURCE VOLTS (Vos) #13 
GATE No.!~ VOLTAGE (Vgjs) IS ADJUSTED 

FOR Ip*6mA WHEN Vg25 *4V 
= GATE No 2 AT AC-GROUND POTENTIAL 

a 


NOISE FIGURE (NF) —6B8 


GATE No. 2— TO~SOURCE VOLTS (Vegas) 
‘ 92cs— 15109 


Fig.3 - NF vs Veps.- 


DRAIN- SUPPLY VOLTAGE Vop = +/5 V 
AMBIENT TEMPERATURE (Ta)#25°C = 
INPUT FREQUENCY (f)* 200 MHz 

OUTPUT FREQUENCY (f)*30 MHz 


CONVERSION GAIN [Gps(c) 


See eitase 


) 05 1S 2 2. 
OSCILLATOR INJECTION VOLTAGE AT GATE No.2 (V_Q)—VOLTS (rms) 


92CS~ ISIN 


Fig.6 - Gpsc) vs Vio (For 3N141). 


-~20 Hitt 


COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Tq)* 25 °C 
FREQUENCY (f)= 200 MHz 
DRAIN MILLIAMPERES (1p)=8 
C] GATE We, 2- TO- SOURCE | vous (Vg25)"+4 
ans 


INPUT CONDUCTANCE (gig) OR 
SUSCEPTANCE (big) —MILLIMHOS 


d 

Saunenaeneans im 

04 Seeds sence scsnuseuSneseSeeneeeecegeece 
() 5 0 ‘5 


DRAIN-TO-SOURCE VOLTS (Vps) 


92CS~14764R! 


Fig.9 - Yis VS Vos: 


* COMMON - SOURCE CIRCUIT 

Lt AMBIENT TEMPERATURE (Tq) +25°C 

FREQUENCY (f) » 200 MHz 

DRAIN MILLIAMPERES (Ip) *8 

HHH ae No. 2~ whe SOURCE VOLTS(VGas)+4 
i iad 


Tr teas 


He 
auet 
Seasseaes ees 
baile EU 


fant ts seit 
Seid eoaee 


REVERSE TRANSFER CONDUCTANCE (9;,) OR 
SUSCEPTANCE (brs) — MILLIMHOS 


EES ae aa SHE 


ORAIN- foe -SOURCE VOLTS (Vps) 


92CS-14786RI 


Fig.12 -y,, vs Vps- 
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3N140, 3N141 


COMMON ~ SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Tg) = 25°C 
FREQUENCY (f)= 200 MHz 


COMMON-SOURCE CIRCUIT 

t+ AMBIENT TEMPERATURE (Ta)*25°C 
FREQUENCY (f)* 200 MHz 

ORAIN-TO-SOURCE VOLTS (Vpg)* 15 


GATE NO. 2-TO-SOURCE VOLTS ‘Veas)* 4 


siitrat 


COMMON- ee CIRCUIT 


AMBIENT TEMPERATURE (Tag) = 25°C 
FREQUENCY (f) = 200 MHz 
DRAIN-TO-SOURCE VOLTS (Vpg)* +15 


THIGATE NO. 2-TO-SOURCE VOLTS WVe2s) 2+4 
af ee 

weertee sees 

seas shosey SET a8 ona 

- 

= H 


seeseceees 
= Beier ened 


INPUT CONDUCTANCE (gjg)— MILLIMHOS 
SUSCEPTANCE (be) — MILLIMHOS 


INPUT SUSCEPTANCE (bjs) —MILLIMHOS 
FORWARD TRANSFER CONDUCTANCE (9¢,) OR 


SUSCEPTANCE (bos) — MILL!MHOS 


a 


OUTPUT CONDUCTANCE (995) 0R 


Hot secs SeaseGneen sess suite SIE 
. aan Scstititais 5 i : OCT srsrcssgass secceeeusena 
ee a O° 5 10 IS 
DRAIN MILLIAMPERES (1p) to2 aes te 9 10 nh 2 13 14 15 ORAIN MILLIAMPERES (Ip) 
92CS-147 711 ee Giiapenesis.| 92CS~14763R1 
92C$ 14776 
Fig.13 - y;, vs Ip. | Fig.14 - y,, vs Ip. Fig.15 - yg. vs Ip. 


COMMON~SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Tg)=25°C 
FREQUENCY (f)=200 MHz 

ORAIN~- TO-SOURCE VOLTS (Vpg)F IS 

GATE No.2-TO-SOURCE VOLTS viii 


COMMON-SOURCE CIRCUIT 
Sfitt AMBIENT TEMPERATURE (Ta) = 25°C 

2 FREQUENCY (f) = 200 MHz 

ORAIN- TO- SOURCE VOLTS (Vps) + +13 

: GATE No.!-TO-SOURCE VOLTS 78 (ais! =-06- 


COMMON~ SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Ta) = 25°C 
FREQUENCY (f)= 200 MHz 

DRAIN~ TO~ SOURCE VOLTS (Vos) = |3 ae 
GATE NO !~ TO-SOURCE VOLTS (Vg45)*- 06}. 
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REVERSE TRANSFER CONDUCTANCE (g;5) OR 
OUTPUT CONDUCTANCE (9 
OUTPUT SUSCEPTANCE (bog)-MILLIMHOS 


INPUT CONDUCTANCE (gj) — MILLIMHOS 
oO 
@ 

INPUT SUSCEPTANCE (bis) — MILLIMHOS 


DRAIN MILLIAMPERES (Ip) 2 4 AT -To- 
D GATE No. 2- TD-SOURCE VOLTS (gps) GATE NO. 2-TO-SOURCE VOLTS (Vgog) 


92CS-14773RI 92CS 14767 


92CS-14765 


Fig.16 - y,, vs Ip. Fig.17 - Yis VS Voos- Fig.18 - Yos YS Ve2s- 


COMMON - SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Tg) = 25°C 
FREQUENCY (f) = 200 MHz 
-DRAIN-TO- SOURCE VOLTS (Vos) =!5 


GATE NO.!~TO- SOURCE VOLTS (Vg15) * - 0.6 
ane 


COMMON - SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Ta)= 25°C 
FREQUENCY (f) = 200 MHz 
8s DRAIN~ TO-SOURCE VOLTS (Vps) #!5 
GATE No.!-TO-SOURCE VOLTS Weis 08 


COMMON- SOURCE CIRCUIT, GATE NO. | INPUT 
AMBIENT TEMPERATURE (Ta) * 25°C 
DRAIN ~TO~ SOURCE VOLTS (Vpg) = 14 ge? 
GATE NO. 1-TO SOURCE VOLTS (Vg,5)#-05V 
GATE NO. 2 AT AC-~GROUND POTENTIAL 


o) 


if 


So 
1 
i 


REVERSE TRANSFER 
CONDUCTANCE (9,4) OR 
SUSCEPTANCE (bys)- MICROMHOS 


SUSCEPTANCE (bq,) —MILLIMHOS 
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FORWARD TRANSFER CONDUCTANCE {g,,) oR 
-MILLIMHOS ORAIN MILLIAMPERES (I 


“2 ° 2 4 6 8 GATE No.2-TO-SOURCE VOLTS (\G2s) GATE NO. 2-TO- SOURCE VOLTS (Vegas) 
GATE No. 2-TO-SOURCE VOLTS (Vga5) sacecjalsani 


92CS-14775R1 


Fig.19 - yz. vs Veas. Fig.20 - y,, vs Vens. 


92CS 13749RI 


Fig.21 - gf, and Ip vs Vos 


ICOMMON - SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T,)* 25°C 
FREQUENCY (f) = IkHz 

1O|ORAIN - -TO- SOURCE VOLTS (Vpg) #15 
INPUT - SIGNAL LEVEL 
ceases ee ste oP 2)2 Imv 


ETE COMMON-SOURCE CIRCUIT 
6 ee AMBIENT TEMPERATURE 
> (Ta)*25°C 
gif REQUENCY (+1 nH 
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GATE. NO. 2+TO-DRAIN TRANSCONDUCTANCE (gm) 


FORWARD TRANSFER CONDUCTANCE (9¢_)- MILLIMHOS 


EESiisas ithe so, cesccoals 


GATE No. 1-TO-SOURCE VOLTS (Vgis) GATE NO. 2-TO-SOURCE VOLTS (Vg2s) 
92CS-14721 : 92CS 14787 


Fig.22 - 9, vs Vezs- Fig.23 - gf,2 vs VGas- 
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Silicon MOS Transistor N-Channei Depletion Type 


For !ndustrial and Military Applications to 175 


The-3N142 is a silicon, insulated-gate field-effect 
transistor of the N-channel depletion type utilizing the 
MOS® construction. 


The-3N142 is intended primarily for use as the rf 
amplifier in FM receivers and general amplifier applica- 
tions at frequencies up to 175 MHz. 


The wide dynamic range of the 3N142 reduces cross- 
modulation effects in AM receivers and minimizes the 
generation of spurious responses in FM receivers. 


cd Metal-Oxide-Semiconductor 


Applications 


e@ RF amplifier, Mixer, and Oscillator in: 
CB and Mobile Communication Receivers 
Aircraft and Marine Receivers 
CATV and MATV Equipment 

e Industrial Contro! Circuits 

e Variable Attenuators 

e@ Current Limiters 

e Instrumentation Equipment 

e High-Impedance Timing Circuits 


MHz 


Maximum Ratings, Absolute-Moximum Values at TA = 25°C 


* DRAIN-TO-SOURCE 


VOLTAGE, Vos ............ 20 V 
* DRAIN-TO-GATE 
VOLTAGE, Vou ...........4. 20 N 
* GATE-TO-SOURCE 
VOLTAGE, Vas: 
Continuous .............205 +1 to -8 V 
Peake GOs ees ha etek hee “15 Vv 
*DRAIN CURRENT, Ip ........ 50 mA 
* TRANSISTOR DISSIPATION, Pr: 
Atambient {upto 25°C ...... 330 mW 
temperatures | above 25°C ...... Derate at 2.2mW/°C 
* AMBIENT TEMPERATURE 
RANGE: 
Storage 2.0... ee ee ee ~65 to +175 ‘C 
Operating ................. —65 to +175 "Cc 
* LEAD TEMPERATURE 
(During Soldering) : 
At distances = 1/32” from seating 
surface for 10 seconds max. .... 265 °C 


* In accordance with JEDEC Registration Data Format JS-9 
RDF 11-B 


ELECTRICAL CHARACTERISTICS: (At Ta - 25° C) 
Measured with Substrate Connected to Source Unless Otherwise Specified. 


CHARACTERISTICS 


Gate Leakage Current 


Zero-Bias Drain Current** IDss Vps = 15 V. Ves = 0 
Drain-to-Source Cutoff Current Ip(off) 


SYMBOLS CONDITIONS 


Vos = 0, Vos =-8 V. Ta = 25°C 
Vps :0. Vgs = -8 V, Ta - 125°C 
Nps 70, Vos - +1, TA > °C 

Vos 70, Vos - +1, Ta = 125°C 


Vos — 20 V. Vgs --8 V 


Drain-to-Source Channel Resistance Vps ~0. Vgs 0, f° 1 kHz 


Reverse Transfer Capacitance? Ciss_ | VOS= 15 V. Ip =5 mA f=0.1 to 1 MHz 


Smatl-Signal Short-Circuit Input Capacitance Vos- 15 V. tp 5SmA f-0.1 to 1 MHz ee 5.5 


Small-Signal Short-Circuit 


Forward Transfer Admittanc 
Output Admittance 


[Input aanittace is 
ped 


Maximum Available Power Gain 
Maximum Usable Power Gain 


(Fixed Neutralization) 


M 
Insertion Power Gain** G 
Fixed Neutralization 


Gate-to-Source Cutoff Voltage Ves(off) | Vps - 15 V.Ip 50..A 0.5 | 
Forward Transconductance Vos 718 V.lp SmA.f LkHz 5000 | 


Common Source Configuration 
f = 100 MHz 

Vos = 15V 

Ip =5mA 


e 


Vos = 15 V. Ip - 5 mA. f = 100 MHz 


Y is 
Yts 
eed 
UG 
ps 
NF 


3N142 


Performance Features 


a Large dynamic range 

a Enhanced signal-handling capability for low 
cross-modulation 

w Dual-polarity gate permits positive and negative 
swing without degradation of input impedance 

w Reduced spurious responses in FM receivers 

a Permits use of vacuum-tube biasing techniques 

w Excellent thermal stability for critical oscillator 
designs 


Device Features 


a High input resistance - 1000 megohms 
@ Low feedback capacitance - 0.35 pF max. 
# Low noise figure - 2.5 dB typ. 
® High useful power gain - 
neutralized - 16 dB min. at 100 MHz 


® Hermetically sealed TO - 72 metal package 


TERMINAL DIAGRAM 


LEAD 1- DRAIN 

LEAD 2- SOURCE 

LEAD 3- INSULATED GATE ; 
LEAD 4- BULK (SUBSTRATE) AND CASE 


0.22 


Noise Fguees | nF [Mose tsviipesmatetooure | = | 2s | 


* In accordance with JEDEC Registration Data Format JS-9 RDF-11B 


INPUT 
5028 (¢ 
GENERATOR 


**See Fig. 1 


“/EXTERNAL SHIELO| t 


Tf Three-Terminal Measurement: Source Returned to Guard Terminal 


v 
92CS-t7034 


T1 Ni = 6 Turns#20 Tinned Copper Wire; %” 1.D. 2" Long 
Qo = 205, N1/N2 = 4.85 

T2 N1+N4= 6% Turns#20 Tinned Copper Wire %"" 1.D.9 16’ Long 
Qo = 190 N1/N2 = 1.9 N4/N3 = 12.3 Ni/N4=8 


C1 = 10 pF Variable Air Capacitor (Hammarlund Mac-10 or Equivalent) 
C2= 5 pF Variable Air Capacitor (Hammariund Mac-5 _ or Equivalent) 
C3= 0.7-35F Piston- Type Variable Air Capacitor (Erie 535C or Equivalent) 
Q = 3N14 


Fig. 1 - Test Set Up for 100 MHz Insertion Power Gain and 


Noise Figure 
For characteristics curves, refer to types 3N128 and 3N143. 
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3N152 


Silicon MOS Transistor = n-channei Depletion Type 


For Low-Noise RF Applications in Military & 
Industrial VHF Communications Equipment 
Operating up to 250 MHz 


RCA-3N152 is an N-channel depletion-type silicon insulated 
gate field-effect transistor utilizing the MOS™ construction. It 
is intended primarily for VHF amplifier applications up to 
250 MHz in military and industrial equipment. 


Because of its improved transfer characteristic and ex- 
ceptionally wide dynamic range, the 3N1I52 with the 
substrate in the reversed bias mode can provide substantially 
better cross-modulation performance in linear amplifier 
applications than conventional bipolar transistors. The insu- 
lated gate with its extremely low reverse (leakage) current 
eliminates the problem of diode-current loading of the input 
circuit under strong input conditions, which is common to 
junction-type FET’s. These features in addition to low 
feedback capacitance permit the design of circuits providing 
superior high-frequency operation and high gain without 
neutralization. The 3N152 utilizes full-gate construction and 
is hermetically sealed in a JEDEC TO-72 metal package. 


m Metal-Oxide-Semiconductor. 


ELECTRICAL CHARACTERISTICS AT Ta = 25°C 


Maximum Ratings, Abso/ute-Maximum Values at Ta = 25°C: 


* DRAIN-TO-SOURCE VOLTAGE, Vps +20 max. Vv 

*DRAIN-TO-GATE VOLTAGE. Vpg ..-----+--> +20 Vv 

* GATE-TO-SOURCE VOLTAGE, Vgc: 

% CONTINUOUS (dc) 

* PEAK ac 

% DRAIN CURRENT, Ip... . 0. ee eee eee 
TRANSISTOR DISSIPATION: 


50 max. mA 


At ambient {up 10:25 °C ine ivan a eees 330 max. mW 

temperatures) above 25°C .............. derate at 2.2 mW/°C 
% AMBIENT TEMPERATURE RANGE: 

Stotage iiecas oho Pi Ra ee ee Et we ooLe -65 to +175 °C 

Operating: te diss cia na ett oyacde ONE SES 65 to +175 °C 


* LEAD TEMPERATURE (During Soldering): 
Atdistances not closer than 1/32 inch to 


seating surface for 10 secondsmaximum ....... 265 max. OC 


# In accordance with Jedec Registration Data Format JS-9 RDF 11-B. 


Measured with Substrate Connected to Source Unless Otherwise Specified 


CHARACTERISTICS 


* 


* 


Drain-to-Source Cutoff Current 
* 


* 


Forward Transconductance oF Vos 
Drain-to-Source Channel Resistance rpslon) 


* 


$ 
5S 
$ 
Forward Transfer Admittance Vos SV, 
Output Admittance 5 
G 


! 
Power Gain 
Maximum Available Gain MA 
Insertion Power Gain (Fixed ization) Vos 


Cc 

Small-Signal Short-Circuit Input Capacitance Vos 
Y 
Y 


Ip SmA 


Neutralization) See Fig.1 


Noise Figure (See Figs. 1 & 2) NF 


4 Three-Terminal Measurement. Source Returned to Guard Terminal. 
* In accordance with JEDEC Registration Data Format JS-9 RDF-118. 


SYMBOLS | CONDITIONS 
Vv =0,V = 4 = fe] 
Gate Leakage Current lass DS GS SYA 28 
'Vps = 0, Vgg = 8 V. Ta, - 125°C 
Zero-Bias Drain Current Pigs = IVog = 15 V. Vgg = 0 


Vos * 20 V, Vgg = -8V. 


Gate-to-Source-Cutoff Voltage Vesloff) Vos - 15 V. tp = 50 uA 


15 V, Ip = 5mA,t- 1kHe 


Vos = 0. Veg = 0,8 = 1 kHz 


Smali-Signal Short-Circuit 
Reverse Transfer Capacitance’ rs Mog Vel MA Oe eee 


15 V, Ip =5mA,f - 0.1 to 1 MHz 


. Common Source Configuration 
Input Admittance f 200 MHz 


SV. Ip 5SmA,t 


‘Vos 15 Vito 5 mA, f 


LIMITS 
3N 152 


“a 
< 
U 


Ww 
Oo 


7500 


2 


oo 


0.4 + J7.3 
7-32 
0.28 + J18 


N 
— 


MH 
ene Ne 145 


200 MHz 


: ; a : ° 
Fy TEL Hed lelelele BER 
ee) 
a 


N 
o 


Features 
@ Low gate leakage current — 
IGsg = 0.1 pA typ. 
® Low feedback capacitance — 
Cys, = 0.25 pF typ. 
@ High forward transconductance — 
9¢, = 7500 umho typ. 
@ High vhf power gain — 
Gps = 16 dB typ. at 200 MHz 


® Low vhf noise figure — 
NF = 2.5 dB typ. at 200 MHz 


® Exceptionally good cross-modulation characteristics 


Performance 

® Large dynamic range 

@ Greatly reduced spurious responses 

@ Permits use of vacuum-tube biasing techniques 
® Excellent thermal stability 


® Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 


TERMINAL ARRANGEMENT 


1+ Drain - 
2 - Source 
3 - Insulated Gate 


4- Bulk (Substrate) 
and Case 


VHF NOISE NOISE FIGURE 
0. AMPLIFIER 
EQUIVALENT AMPLIFIER 


SUPPLY 


POWER 
SUPPLY 


* SEE FIG. ! FOR CIRCUIT 92CS-1489) 


Fig. 2 - Noise figure measurement setup. 
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Ca ee i rae er =a) 
| | j 
| | | 
| | 
| Cs ouTPUT 
| 502 
| LOAD 
| 
| 
\ 
INPUT 100% 
gen. 
. Cz, C2: 
T 47K 
; C2: 
| 3 
{ 
{ C4, Cs: 
| (OHMITE TYPE 
| EXTERNAL 2235 OR EQuiv) 
SHIELD li: 
(tO EON 9 enh OI Oa 
La: 
Q = 3NISS 


Alt Resistors in ohms and 1/40 
unless otherwise specified. 
Alt Copacitors in pF. 


* TUBULAR CERAMIC 
* DISC CERAMIC 


92CS—14892RI 


1.5-5 pF variable air capacitor: E. F. Johnson T ype 160-102 
or equivalent 


1-10 pF piston-type variable air capacitor: JFD Type 
VAM-010, Johanson Type 4335, or equivalent 


0.3-3 pF piston-type variable air capacitor: Roanwell T-ype 
MH-13 or equivalent 


5 turns silver-plated 0.02” thick, 0.07''-0.08"’ wide copper 
ribbon. tnternal diameter of winding = 0.25"; winding 
length approx. 0.65"’. Tapped at 1-1/2 turns from Cy end 
of winding 


Same as Lj except winding length approx. 0.7"; no tap 


For characteristics curves, refer to types 3N128 and 3N143. 


Fig. 1 - Test circuit used to measure 200-MHz maximum usable power gain and noise Figure. 


SILICON INSULATED GATE FIELD-EFFECT TRANSISTOR 


N-Channel Depletion Type 


RCA 3N153_ is a silicon, insulated-gate field-effect 
transistor of the N-channel depletion type, utilizing the 
MOS* construction. It is intended primarily for critical 
chopper and multiplex applications up to 60 MHz. 


The insulated gate provides a very high value of 
input resistance (1010 ohms typ) which is relatively in- 
sensitive to temperature and is independent of gate-bias 
conditions (positive, negative, or zero bias). The 3N153 
also features extremely low feedback capacitance 
(0.34 pF typ) and virtually zero inherent offset voltage. 


This transistor features a Terminal Arrangement in 
which the gate and source connections are interchanged 
to provide maximum isolation between the output (drain) 
and the input (gate) terminals. Although this new basing 
configuration does not appreciably change the measured 
device feedback capacitance, it permits the use of 
external inter-terminal shields to reduce the feedback 
due to external capacitances, particularly on printed 
circuit boards. This feature makes it possible to mini- 
mize feedthrough capacitance. 


The 3N153 is hermetically sealed in the JEDEC 
TO-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 


* Metal-Oxide-Semiconductor 


Maximum Ratings, Absolute-Maximum Values: 

(Substrate connected to source unless otherwise specified) 
DRAIN-TO-SOURCE VOLTAGE, Vps... +20 max. 
DRAIN-TO-SUBSTRATE VOLTAGE, Vpp. +20, -0.3 max. 


SOURCE-TO-SUBSTRATE 
VOLTAGE, Vgp..... 0-2-2. .0 008s +20, -0.3 max. V 


DC GATE-TO-SOURCE VOLTAGE, VGs. +6, 8 max. 


PEAK GATE-TO-SOURCE 
VOLTAGE, VGS. 6... 0020. ee eee +14 max. V 


DRAIN CURRENT, Ip 


<< 


< 


LE OSLO) es hes esate eh Se ce Whe, Bd ye 50 max. mA 
TRANSISTOR DISSIPATION, Pr: 
At ambient temperatures 
from 65 to +25°C.. 2. ee ee ee 400 max. mW 
above 25°C ........... derate linearly at 2.67 mW/°C 
AMBIENT TEMPERATURE RANGE: 
Storage 6 64 5.6 6-05 We 38 SO ce he -65 to +175 °C 
Operating ..........000 cee eee 65 to +175 °C 
LEAD TEMPERATURE 
(During soldering): 
At distance > 1/32” to seating 
surface for 10 seconds max. ........ 265 max. °C 


ELECTRICAL CHARACTERISTICS, at Ta = 25°C, Unless Otherwise Specified. Substrate Connected to Source. 


CHARACTERISTICS SYMBOLS 


Gate-Leakage Current 
Static Drain-to-Source 
“‘ON'' Resistance 


Drain-to-Source 
“OFF” Resistance 


Drain-to-Source 
Cutoff Current 


Small-Signal, Short-Circuit, 
Reverse Transfer Capacitance 


Small-Signal, Drain-to-Source 
Capacitance 


Zero-Gate-Bias 


or equivalent. 


SUBSTRATE CONNECTED TO SOURCE 
AMBIENT TEMPERATURE (Ta 


ORAIN MICROAMPERES (Ip) 


75 
ORAIN-TO-SOURCE MILLIVOLTS (Vps) 


Fig.2 - Low-level drain current 
vs. drain-to-source voltage. 


TEST CONDITIONS 


225°C 
py TT. 


LIMITS 
Type 3N153 


Vas =+6,-8V;Vps =0V; Ta = 25°C 
Vgs =+6,-8V; Vps =0V; Ta =125°C 


Vos =-8V, Vps=+1V, Ta = 25°C 
Vas =-8V, Vps=+1V, Ta =125°C 


VGs =-8V, Vps =0V, f = 1 MHz 
Vos =15V, Ip =5 mA, f = 1 MHz 


Vos =-8V, Vps = OV, f =1 MHz 
Vos = OV, Ves =-8V, f = 1 MHz 
Ves =0V, Vps = + LV 


Ves = +6,-8V; Vps =0V 


* In measurements of Offset Voltage, thermocouple effects and contact potentials in the measurement setup may cause erroneous readings of 
1 microvolt or more. These errors may be minimized by the use of solder having a low thermal e.m.f., such as Leeds & Northrup No.107-1.0.1 


DRAIN-TO-SOURCE STATIC RESISTANCE—OHMS 


92CS-14944 


3N153 


FEATURES 


e excellent thermal stability 

e virtually zero inherent offset voltage 

e low leakage current: 50 pA max. 

@ low ‘‘on”’ resistance — tg on) = 200 2 typ. 

@ high ‘‘off’’ resistance — Rng) = 19109 typ. 
rss = 0.34 pF typ. 


@ low input capacitance —C;,, = 6 pF typ. 


@ low feedback capacitance —C 


APPLICATIONS 


e Choppers 

@ Multiplexers 

@ Servo Amplifiers 

e@ Computer Operational Amplifiers 
e Sampling Circuits 


e Electrometer Amplifiers 


TERMINAL DIAGRAM 


1 - Drain 
2 - Source 
3 - Insulated Gate 


4 - Bulk (Substrate) 
and Case 


5 10 ‘5 
DRAIN-TO-SOURCE VOLTS (Vps) 


92CS~-14943 
Fig.1 - Drain current vs. drain-to-source voltage. 


SUBSTRATE CONNECTED TO SOURCE 
DRAIN-TO-SOURCE VOLTS (Vos)#+1 
AMBIENT TEMPERATURE (Ta)#25°C 


5 75 


GATE-TO-SOURCE VOLTS (V6s) 


92CS-14945 


Fig.3 - Drain-to-source static resistance 
vs. gate-to-source voltage. 
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3N154 


Silicon MOS Transistor N-Channel Depletion Type 


For Critical Amplifier Applications in Military & Industrial 
VHF Communications Equipment Operating up to 250 MHz 


RCA 3N1i54_ is an n-channel depletion-type silicon 
insulated-gate field-effect transistor utilizing the MOS® 
construction. It is intended primarily for vhf amplifier 
applications up to 250 MHz in military and industrial 
equipment. 


Because of its improved transfer characteristic and 
exceptionally wide dynamic range, the 3N154 can provide 
substantially better crossmodulation performance in 
linear amplifier applications than conventional bipolar 
transistors. The extremely low gate leakage current 
eliminates diode-current loading of the input circuit 
under strong signal conditions, a problem which is common 
to junction-type FET’s. These features, in addition to 
low feedback capacitance, permit the design of circuits 
providing superior high-frequency operation and high gain 
without neutralization. The 3N154 utilizes full-gate 
construction and is hermetically sealed in a JEDEC 
TO-72 metal package. 


@ Metal-Oxide-Semiconductor 


ELECTRICAL CHARACTERISTICS: (At Ta = 25° C) 


Maximum Ratings, Absolute -Maximum Values at T, = 25°C: 


* DRAIN-TO-SOURCE VOLTAGE, Vos EAE + 20 Vv 
*DRAIN-TO-GATE VOLTAGE, Vpg......-- +20 
*GATE-TO-SOURCE VOLTAGE, Vag: 
* CONTINUOUS (de) ....-2 22 eee eee +1, -8 Vv 
* PEAK ac ice ee wee ewe eww ee eee +15 Vv 
*DRAIN CURRENT, Ip 8 eee ee eee ee eee 50 mA 
* TRANSISTOR DISSIPATION: 
At ambient \ up to 25°C 2 owe ee ee 330 mW 
temperatures above 25°C. ....... derate at 2.2 mW/%C 


* AMBIENT TEMPERATURE RANGE: 
Storage... cece eee eee eee eee ees 
Operating .. 2... eee eee erence eres 
LEAD TEMPERATURE (During Soldering): 


At distances not closer than 1/32 inch to 
seating surface for 10 seconds maximum . 


In accordance with JEDEC Registration Data Format JS9-RDF-11B 
4 Pulsed: 


Pulse duration < 20 ms 
Duty factor < 0.15 


Measured with Substrate Connected to Source Unless Otherwise Specified. 


CHARACTERISTICS 


SYMBOLS 


Igss 


Vps = 0, Veg =-8 V, Ta = 25° C 
Vps =0, Vg =-8 V, Ta = 125°C 
Vos =0, Ves =+1, Ta = 25°C 

Vos =0, Vos = +1, Ta = 125°C 


Ipss_ | Vos= 15 V, Ves =0 


*| Gate Leakage Current 


»* | Zeto-Bias Drain Current 


Ip(off) | Vps = 20 V, Ves =-8 V 
* Ves(off) | Vps = 15 V, Ip = 50 uA 
Vps = 15 V, Ip =5 mA, f= 1 kHz 
Drain-to-Source Channel Resistance Vps = 0, Ves = 0, f = 1 kHz 


Vps = 15 V, Ip =5 mA, f =0.1 to 1 MHz 


15 V, Ip 


Common Source Configuration 
f = 200 MHz, 
Vps = 15 V, 


Forward Transsconductance 


«| Smail-Signal Short-Circuit 
Reverse Transfer Capacitance 


Maximum Available Power Gain 


»| Insertion Power Gain (Fixed Neutralization) 
(see Fig, 1) 


*| Noise Figure (see Figs.1 & 2) 


* In Accordance with JEDEC Registration Data Format JS-9 RDF-11B 
4 Three-Terminal Measurement: Source Returned to Guard Terminal 


VHF NOISE 
SOURCE 
HP No. 343 OR 
EQUIVALENT 


* SEE FIG I FOR CIRCUIT 


Fig. 2 - Noise figure measurement setup 
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15 VOLT OC 
POWER 
SUPPLY 


LIMITS 
3N154 


‘ Max. 


CONDITIONS 


Z 


15 


is 
a=) a : 
& e\|> 


0.4 +J7.3 


5 mA, f = 0.1 to 1 MHz 


° 
— 
eo 
RO 


RO 
— 


ee 
~ ' 
tn 

w 

tn 


NOISE-FIGURE 
METER 
HP No. 342A OR 
EQUIVALENT 


200 -MHz 
POST 
AMPLIFIER 


92C$-!1489 


~65 to +175 °C 
65 to +175 CC 


265 °C 


Device Feature: 


® Closely controlled IDSS — 10 to 25 mA 

© Low gate leakage current — I|Gss = 0.1 pA typ. 

© Low feedback capacitance — Cys, = 0.25 pF typ. 

® High forward transconductance — g¢, = 7500 umho typ. 
@ High vhf power gain — Gps = 16 dB typ. at 200 MHz 

@ Low vhf noise figure — NF = 3.5 dB typ. at 200 MHz 

© Exceptionally good cross-modulation characteristics 


Performance Features 

®@ Large dynamic range 

© Greatly reduced spurious responses 

© Permits use of vacuum-tube biasing techniques 

® Excetlent thermal stability 

® Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 


TERMINAL DIAGRAM 


2 3 


- 1 - Drain 
2 - Source 
3 - Insulated Gate 


4- Bulk (Substrate) 
and Case 


Input 100° 
500 
GEN 
| 47K 
| 
| 
| 
| (OHMITE TYPE 
| EXTERNAL 2235 OR EQuiv) 
SHIELD 
Lo __gpto0oo_ Lp 1000. 
Q = 3N1S4 


All Resistors in ohms and 1/4 W 
unless otherwise specified. 
All Capacitors in pF. 


* TUBULAR CERAMIC 
* DISC CERAMIC 


92CS—I4892RI 


Cy Cy: 1.5-5 pF variable air capacitor: E.F. Johnson Type 160-102 


of equivalent 


C3: 1-10 pF piston-type variable ait capacitor: JFD Type VAM-010, 
Johanson Type 4335, or equivalent 


: 0.3-3 pF piston-type variable air capacitor: Roanwel! Type 
MH- 13 or equivatent 


Q = 3N154 


Ly: 5 tums silver-plated 0.02” thick, 0.07"-0.08" wide copper 
ribbon. Internal diameter of winding = 0.25”: winding 
length approx. 0.65”. Tapped at 1-1/2 turns from Cy end 
of winding 


L2: Same as Ly except winding length approx. 0.7”; no tap. 


Fig. 1 - Test circuit used to measure 200-MHz maximum 
usable power gain and noise figure 


For characteristics curves, refer to types 3N128 and 3N143. 


3N159 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTOR crane: cepietion yee 


For Military and Industrial Low-Noise RF-Amplifier 


Applications Up to 300 Miz 


The 3N159 is an n-channel silicon, depletion type, 
dual insulated-gate, field-effect transistor utilizing the 
MOS** construction. It has exceptional characteristics 
for rf-amplifier applications at frequencies up to 
300 MHz. This transistor features a series arrangement 
of two separate channels, each channel having an 
independent control gate. 


Type 3N159 has an exceptionally low-noise figure, which 
makes this type particularly suitable for critical vhf 
applications. When used in a common-source con- 
figuration in which gate No.2 is ac grounded, this device 
reduces oscillator feedthrough to the antenna thereby 
minimizing oscillator radiation. 


The 3N159 is hermetically sealed in the metal JEDEC 
TO-72 package. 


** Metal-Oxide-Semiconductor. 


APPLICATIONS 

© RE amplifier in military and industrial communications 
equipment 

® aircraft, marine and vehicular receivers 

@ CATV and MATV equipment 


© telemetry and multiplex equipment 


Maximum Ratings, Absolute-Maximum Values: 


at Ta = 25°C 
DRAIN-TO-SOURCE VOLTAGE, Vpg-------- 0 to +20 
GATE-No.1-TO-SOURCE VOLTAGE, Vq\<¢: 

Continuous (dc) 2... ee ee ee te -8 to +1 

Peak: GO ° 506.6864 ace ears ON ee Bienes -8 to +20 
GATE No.2-TO-SOURCE VOLTAGE, Vagos: 

Continuous (dc) ........ 2.020 ee -8 to 40% of Vos 

Peak © 6 ie sic es Bie 8 ew re a Rees -8 to +20 
DRAIN-TO-GATE VOLTAGE: 

Ypoo1 or Voce Siler a A Nap letai Se: ete Senet ee enaen tines te +20 


DRAIN CURRENT, Ip 
Pulsed: Pulse duration < 20 ms, 


duty factor © O15 2... e eee eee ee ee eee 50 mA 

TRANSISTOR DISSIPATION, Px: 
At ambient up to DEO og wav aren wink alaek 400 mW 
temperatures \ above 25°C. ......... derate linearly at 
2.67 mW/°C 


AMBIENT TEMPERATURE RANGE: 


Storage and Operating .........0..-6- -65 to +175 °C 


LEAD TEMPERATURE (During soldering): 
At distances > 1/32 inch from seating 


surface for 10 seconds max. .......000e008% 265 C 


ELECTRICAL CHARACTERISTICS, at T, = 25°C unless otherwise specified 


CHARACTERISTICS 


Gate-No.1-Leakage Current 


Gate-No.2-Leakage Current 


Zero-Bias Drain Current 


Forward Transconductance 
(Gate-No.1-to-Drain) 


Cutoff Forward Transconductance 
(Gate-No.1-to-Drain) 


Small-Signal, Short-Circuit C. 
Input Capacitance iss 


Small-Signal, Short-Circuit, Reverse Transfer C 
Capacitance (Drain-to-Gate No.1)* is 
Small-Signal; Short-Circuit c 
Output Capacitance oss 
Maximum Usable Power Gain MUG 
(See Fig.l for Measurement Circuit) 
Measured Noise Figure NF 
(See Fig.1 for Measurement Circuit) 


* pulse Test: Pulse duration < 20 ms, duty factor < 0.15. 
- Capacitance between Gate No.1 and ail other terminals. 


Bfs(off) 


UNITS 


= +16V, Ip = 200 uA 
= +4V 


> 


Vop = +14V, Vols = 0 
Yeas = +4V 

Von = +14V, Ip = 10 mA 
Vegas = +4V,f =1 kHz 
Vop = 4V, Vis = -0.5V 
Vea =-2V, f = 1 kHz 
Vos = +13V, Ip = 10mA 
Vas = +4V, f = 1 MHz 
Vs = +13V, Ip = 10 mA 
Vegas = +4V, f = 1 MHz 
Vos = +13V, Ip = 10 mA 
Vgas = +4V, f = 1 MHz 
Vop = +15V, Rs = 2700 
Rg = 500, f = 200 MHz 
Vpp = tiSV, Rg = 2700 
f = 200 MHz, Re = 500 


Three-Terminal Measurement with Gate No.2 and Source Returned to Guard Teririnal. 


For characteristics curves refer to types 3N140, 


3N141. 


s 5! 


PERFORMANCE FEATURES 

© wide dynamic range permits large-signal handling 
before overload 

dual-gate permits simplified age circuitry 

virtually no age power required 

greatly reduces spurious responses in FM receivers 
permits use of vacuum-tube biasing techniques 


excellent thermal stability 


superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate field-effect 
transistors 


DEVICE FEATURES 


@ low gate leakage currents — — 
loiss & Ig2ss = ! nA max. 


® high forward transconductance — — 


95, = 7000 umho min. 


@ high unneutralized RF power gain — — 


Gps = 16 dB min. at 200 MHz 


® low vhf noise figure — ~ 


NF = 3.5 dB max. at 200 MHz 


TERMINAL DIAGRAM 


LEAD 1 - DRAIN 

LEAD 2 - GATE No.2 

LEAD 3 - GATE No.1 

LEAD 4 - SOURCE, SUBSTRATE AND CASE 


lexteRNAL 
| SHIELO 


RFC 
{OHMITE TYPE 


7 
I 
| 
| 
| 
ee \ 
= | 
| 
2235 OR EQUIV) 
t 
J 


AGC 
‘ O (NEG) 
K 
Vacc 
32CS- 489 


* Tubular ceramic 

¥ Disc ceramic 

# Ferrite bead (1/2 used): Indiana General No. H 1742C-(A-147) or 
F1157-1-H of equivatent. 


t VHF plug in socket Jettron CD72-148 and CO72149 (part No.7977-1) 
or equivalent. 


C;, Cz: 1.5-5pF variable air capacitor: £. F. Johnson Type 160-102 
or equivalent. ; 
C3: 1-10 pF piston-type variable air capacitor: JFD Type 
VAM-010, Johanson Type 4335, or equivalent. 
C4: 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH-13 or equivalent. 


Ly: 5 turns silver-plated 0.02" thick, 0.07'-0.08" wide copper 
ribbon, internat diameter of winding = 0.25": winding 


length approx. 0.65". Tapped at 1-1 2 turns from Cy end 
of winding. 


La: Same as Ly except winding fength approx. 0.7'’: no tap. 


Fig.? - 200-MHz power gain and noise-figure test 
circuit for type 3N159. 
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3N187 


Silicon Dual Insulated - Gate Field-Effect Transistor 


N-Channel Depietion Type 
With Integrated Gate-Protection Circuits 
For Military and Industrial Applications up to 300 MHz 


Device Features 


e Back-to-back diodes protect each gate against handling and in-circuit transients 
e High forward transconductance — g¢g= 12,000 pmho (typ.) 

@ High unneutralized RF power gain — Gps = 18 dB(typ.) at 200 MHz 

@ Low VHF noise figure ~ 3.5 dB(typ.) at 200 MHz 


RCA-3N187 is an n-channel silicon, depletion type, 
dual insulated-gate field-effect transistor. 


Special back-to-back diodes are diffused directly into 
the MOS4 pellet and are electrically connected between 
each insulated gate and the FET’s source. The diodes 
effectively bypass any voltage transients which exceed 
approximately +10 volts. This protects the gates against 
damage in all normal handling and usage. 


A feature of the back-to-back diode configuration is 
that it allows the 3N187 to retain the wide input signal 
dynamic range inherent in the MOSFET. In addition, the 
junction capacitance of these diodes adds little to the 
total capacitance shunting the signal gate. 


The excellent overall performance characteristics of 
the RCA-3N187 make it useful for a wide variety of rf- 
amplifier applications at frequencies up to 300 MHz. 
The two serially-connected channels with independent 
control gates make possible a greater dynamic range 
and lower cross-modulation than is normally achieved 
using devices having only a single control element. 


The two-gate arrangement of the 3N187 also makes 
possible a desirable reduction in feedback capacitance 
by operating in the common-source configuration and ac- 
grounding Gate No. 2. The reduced ¢apacitance allows 


Pe a Oe te eee oe ge a - 


EXTERNAL SHIELD 
cq 


RFC => 
(OHMITE TYPE 


Voo 
I5V 


, 2235 OR EQUIV.) 


operation at maximum gain without neutralization; and, 
of special importance in rf-amplifiers, it reduces local 
oscillator feedthrough to the antenna. 


The 3N187 is hermetically sealed in the metal JEDEC 
TO-72 package. 

4 Metal-Oxide-Semiconductor 

Maximum Ratings, 


Absolute-Maximum Values, at T 4=25°C 


DRAIN-TO-SOURCE VOLTAGE, Vps... -0.2to +20. v 
GATE No. 1-TO-SOURCE VOLTAGE, Vis. 


Continuous (dc)... 2. eee ee ee ooee Btot+3 Vv 
Peak ac...... ai sifeiei w ia%e thnel alate ce ee ~6 to +6 v 
GATE No. 2-TO-SOURCE VOLTAGE, Vags: 

Continuous (dc)... 6 eee eee eee -6 to 30% of Vos Vv 

POA GC Gersne eee Bre) Baw eee ae aw eS -6 to +6 Vv 
* DRAIN-TO-GATE VOLTAGE, 

VYoq1 OR VpG2 «see cece eee eee . +20 Vv 
* DRAIN CURRENT, Ipn......-+2e00- 50 mA 
* TRANSISTOR DISSIPATION Py: 

At ambient lup to 25°C ......+-- 330 mW 

temperatures eae 25°C .......derate linearly at 

2.2 mW/°C 


* AMBIENT TEMPERATURE RANGE: 
Storage and Operating 

*LEAD TEMPERATURE (During Soldering): 
At distances 2 1/32 inch from 
seating surface for 10 seconds max. 265 °C 


*In accordance with JEDEC Registration Data Format 
JS-9 RDF-19A 


-65 to +175 °C 


OUTPUT 


4 Ferrite bead (4 Pyroferric Co. “Carbonyl J’ Q=3N187 — 
0.09 in. OD; 0.03 in. 10; 0.063 in. thickness. y Disc ceramic. 


All resistors in ohms * Tubular ceramic. 

All capacitors in pF 

C): 1.8-8.7 pF variable air capacitor: £.F. Johnson Type 160-104, . 
of equivalent, 

Cz: 15-5 pF variable air capacitor: E.F. Johnson Type 160-102, 
or equivalent. 

C3: 1-10 pF Tg pe variable air capacitor: JFD Type VAM-010; 
Johanson Type 4335, or equivalent. 

.Cq: 0.8 - 4.5 pF piston type variable air capacitor: Ere 560-013 or 
equivalent. 


: 4 turns silver-plated 0.02-in. thick, 0.075-0.085-in. wide, copper 
ribbon. Intemal diameter.of winding = 0.25 in, winding length 
approx. 0,08 in. 


4, turns silver-plated 0.02-in thick, 0.085-0.095-in. wide, 5.'16-in, 
1D. Coit =.90 tn. long. 


eL 


oe 


Lo: 


rR 


WSS 4086R? 


Fig. 1-200-MHz Power gain and noise-figure test circuit 


COMMON SOURCE CIRCUIT, GATE No.1 INPUT 
AMBIENT TEMPERATURE (Ta) + 25°C 
FREQUENCY (f) = 200 MHz 
DRAIN-TO-SOURCE VOLTS (Vpg) «I5 

GATE No,2-TO~SOURCE VOLTS (Vg25)24 
GATE No.!-TO-SOURCE VOLTS (Vgis) VARIED 


Ht 
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= 
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fe) 2 4 8 10 12 
ORAIN MILLIAMPERES (Ip) 


S2CS—ISIIORI 


Fig. 3 - NF vs. Ip 
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CQ |GATE No.i-VOLTAGE (Vgis) FA 
IS ADJUSTED FOR Ip* tO mé 
WHEN V625*4V 
GATE No. 2 AT AC GROUND 

10{ POTENTIAL 


o 
I 
” 
a 
eg 
z 
a 
© 
« 
wW 
2 
° 
a 


2 -1 0 3.4 6 
GATE No. 2-TO-SOURCE VOLTS {Vg2g) 92CS-15049RI 


Fig. 4- Gps vs. V625 


Applications 


e RF amplifier, mixer, and IF amplifier in military, and 
industrial communications equipment 

e Aircraft and marine vehicular receivers 

e CATV and MATV equipment 

e Telemetry and multiplex equipment 


Performance Features 


e Superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET's 

e@ Wide dynamic range permits large-signal handling 
before overjoad 

e Virtually no agc power required 

e Greatly reduces spurious responses in FM receivers 


TERMINAL DIAGRAM 


LEAD 1-DRAIN 

LEAD 2-GATE No. 2 

LEAD 3-GATE No. 1 

LEAD 4-SOURCE, SUBSTRATE 
AND CASE 


COMMON - SOURCE CIRCUIT, GATE No.l INPUT 
AMBIENT TEMPERATURE (Ta) = 25°C 
FREQUENCY (f)= 200 MHz 
DRAIN~TO-SOURCE VOLTS (Vps)*15 
GATE No.!- VOLTAGE (Vgjs) IS ADJUSTED 
FOR Ip=IOMAWHEN Vg25 *4V 
T AC-GROUND POTENTIAL 


S302 
Sebeaees 


NOISE FIGURE (NF) — 6B 


HEHE 


° I 2 3 4 5 6 
GATE No. 2- TO-SOURCE VOLTS (Vg25s) 


92CS—15109R) 


Fig. 2- NF vs. V625 


COMMON SOURCE CIRCUIT 
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FREQUENCY (f)-MHz 


Fig. 5- MAG. vs. f 
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ELECTRICAL CHARACTERISTICS, ot Ta = 25°C unless otherwise specified 


CHARACTERISTICS SYMBOL TEST CONDITIONS 


rec 
Gate No. 2-to-Source Cutoff Voltage ae Yelp wee -0.5 
ce 

ines oar — 
ee 
ea eee — 


*1Zero-Bias Drain Current 


ay 
= 
= 
A 


INPUT CONDUCTANCE (9;)—MILLIMHOS 


UNITS 


* 


1 
i=) 
an 


! 1 

nN iS) — 
4 
ih) 


* 


* 


* 


* 


* 


z 
a=) & 2 t F as 
nn 5 > > > > = ae 


w 
La} 


S 


Forward Transconductance Vos = +15 V, Ip = 10mA 
(Gate No. 1-to-Drain) Veas = +4 V, f = LkHz 


Ip 
Small-Signal, Short-Circuit Input Capacitancet | Cicg 
C 


=) 
ae) eae 


® 


t 


Vps 7 +15 V, ip = 10 mA 
Vaas = +4 V, f = 1 MHz 


o 
Qo 
mm 


Small-Signal, Short-Circuit 
Reverse Transfer Capacitance Ciss 
(Drain-to-Gate No. 1) 6 

Small-Signal, Short-Circuit Output Capaci tanc 
ower Gain (see Fig. 1) 


* 


3) 


a andl 
dl Gace 


Maximum Avaitable Power Gain 
Maximum Usable Power Gain (unneutralized) 
Noise Figure (see Fig. 1) 


Magnitude of Forward Transadmittance Yel 


Nn 
oo 
ad 


* 


= 
a=] wc 
S n nm 


Vos = +15 V, Ip = 10 mA 
Vers = +4 V, f = 200 MHz 


* {Phase Angle of Forward Transadmittance é 


Magnitude of Reverse Transadmittance 
V 


= © 
= | ca 
Olea 
wo 
” 


alilm i] 

w|f 

alo” 
S 
S 


Angie of Reverse Transadmittance 
Input Resistance Hiss: 
Output Resistance Moss | 


* 


* 


Gate-to-Source 
*| Forward Breakdown Voltage: 


Gate No. 1 
Gate No. 2 


V/BR)GISSF IG1SSF =!G2ssF = 100 uA 


} 
Ts 
(BR)G2SSF 


Gate-to-Source 
*TReverse Breakdown Voltage: Ioissr =!gzssp =-100 uA 
5 = fied 


Gate No. 1 V BR)GISSR 
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Y, 
Gate No. 2 (BR)G2SSR 
4 Limited only by practical design considerations. OPERATING CONSIDERATIONS 
' Capacitance between Gate No. 1 and all other terminals The flexible leads of the 3N187 are usually soldered to the 


ete a ueiiee ra No. 2 and circuit elements. As in the case of any high-frequency 


* In accordance with JEDEC Registration Data Format JS-9 RDF-19A | semiconductor device, the tips of soldering irons MUST 
be grounded. 
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BIENT TEMPERATURE (Ta)=25°C 
RAIN-TO-SOURCE VOLTS (Vos) #!5 3 


° 


DRAIN-TO~SOURCE VOLTS (Vpg)=!5 
GATE No.i~VOLTAGE (Vgig) IS AODUUSTED 
FOR Ip 710mA WHEN V6o5*4 V 
H+ GATE No.2 AT AC-GROUND POTENTIAL 
a GROSSE Ree eases 


IV TTi TTA rN 
BRUREREES6. eA88 Y 
AT 

aeaeaues 
sapeaees 
He HA 
eageen eseneae 
ri gees 
eaeR 
supeteuess 


a a 
4 fs) 
” ov” 
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a wa if 
a ” 
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z 

4 z 
5 & 


=2 = ) t -4 -3 -2) I ° \ 2 3 4 5 
GATE No. |- TO-SOURCE VOLTS (Vgis) GATE No.2—-TO-SOURCE VOLTS (Vges5) 
92C$~14790R2 9205 —14414Ri 
Fig. 6- Ip vs. VgIs Fig. 7- Ip vs. Vg2s 


FREQUENCY 


COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Ta)= 25°C 


DRAIN MILLIAMPERES (Ip)= 10 
GATE No 2- 


eee ae 
arar, uae 
oer ee eeeeanae 
4 easen 


(f}=200 MHz 


TO-SOURCE VOLTS (Vgos)*+ 


INPUT SUSCEPTANCE (big) —MILLIMHOS 


SEH 
ttt} an HH TT 18 
IS 


DRAIN-TO-SOURCE VOLTS (Vps) 


92C5-15342R1 


Fig. 8- y;, vs. Vps 


COMMON - SOURCE CIRCUIT 


DRAIN MILLIAMPERES (Ip) =10 
GATE NO.2-TO-SOURCE VOLTS (Vgag) #4 


OUTPUT CONDUCTANCE (995) OR 
SUSCEPTANCE (bo) -MILLIMHOS 


|¥sg/— MILLIMHOS 


COMMON -SOURCE CIRCUIT 

AMBIENT TEMPERATURE (T,)725°C 

FREQUENCY (f) = 200MHz 
\S}ORAIN MILLIAMPERS (Ip) #10 

GATE NO.2-TO-SOURCE- 


iene ra 
Spain AEE 


4 § 6 7 8 9 10 NH 12 13 14 18 
DRAIN-TO-SOURCE VOLTS (Vpg) 
92CS-147a3Ri 


Fig. 9- yos vs- VDS 


VOLTS (Vgag)*+ 4 


PHASE ANGLE OF FORWARD TRANSADMITTANCE (8)-DEGREES 


ORAIN-TO-SOURCE VOLTS (Vos) 


MAGNITUDE OF REVERSE TRANSADM!T TANCE [Y,¢| - mabe 


COMMON. SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Ty) = 25° C 
FREQUENCY (f) = 200 MHz 

ORAIN MILLIAMPERES (Ip) = 10 

GATE NO. 2-TO-SOURCE VOLTS (VG25)=4 


92SS- 4087 


Fig. 10- yg, vs. Vos 


Tee 
ANGLE OF REVERSE TRANSADMITTANCE (6,,) - DEGREES 


DRAIN-TO-SOURCE VOLTS (Vps) 
9288-4573 


Fig. Il-y-, vs. Vos 


447 


COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Ta) 25°C 
FREQUENCY (f)=200 MHz 

1.2] ORAIN~TO- SOURCE VOLTS (Vps)* 15 
GATE NO.2~TO-SOURCE VOLTS (Vgag)e+4) 


ORAIN MILLIAMPERES (Ip) , 


Fig. 12- y;, vs. Ip 


COMMON-SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Ta) = 25°C 

FREQUENCY (f) = 200 MHz 
0,03/DRAIN-TO-SOURCE VOLTS (Vos) = 15 

GATE NO. 2-TO-SOURCE VOLTS (V, 


MAGNITUDE OF REVERSE TRANSADMITTANCE [Y,¢|—mmho 


DRAIN MILLIAMPERES (Ip) 


Fig. 15- y,, vs. Ip 


COMMON - SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Ta) = 25°C 
FREQUENCY (f} = 200 MHz 

'S) DRAIN-TO- SOURCE VOLTS (Vps) = [5 
GATE NO.|-TO-SOURCE VOLTS ( Vgig) = -0.6 


LY ¢¢1- MILLIMHOS 


MAGNITUDE OF FORWARD TRANSADMITTANCE 
a 


GATE NO.2-TO-SOURCE VOLTS ( Vgog ) 


Fig. 18- y¢, vs. V625 


COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Ta)= 25°C 
DRAIN-TO-SOURCE VOLTS (Vps)#15 
DRAIN MILLIAMPERES (Ip)# 10 : 
GATE NO. 2-TO- SOURCE VOLTS (VG2sk+ 
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FREQUENCY (f)- MHz 


Fig. 21- yo, vs. frequency 
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9288-4088 


9288-4574 


INPUT SUSCEPTANCE (big)—-MILLIMHOS 


ANGLE OF REVERSE TRANSCONDUCTANCE (6,,) - DEGREES 


— ANGLE OF FORWARD TRANSADMT TANCE (6)- DEGREE: 


92S8S~- 4091 


92SS W93Ri 


OUTPUT SUSCEPTANCE (bog)—MILLIMHOS 


3/COMMON- SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Ta) = 25°C 

FREQUENCY (f) = 200 MHz 
25|ORAIN-TO-SOURCE VOLTS (Vpg)+ 15 


eH 


OUTPUT CONDUCTANCE (gos) OR 
SUSCEPTANCE (bos) — MILLIMHOS 


? 8 Ul} 
DRAIN MILLIAMPERES (Ip) 


Fig. 13- yo, vs- Ip 


COMMON- SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T,y)= 25°C 
FREQUENCY (f) = 200 MHz 

1.2] DRAIN -TO-SOURCE VOLTS ( Vpg) = [5 
GATE NO.1-TO-SOURCE VOLTS (Vgjg)*-06 


INPUT CONDUCTANCE (g\,) - MILLIMHOS 


GATE NO.2-TO-SOURCE VOLTS ( Ves) 


Fig. 16- yis vs. VG25 


COMMON. SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Ta) = 25° C 
FREQUENCY (f) = 200 MHz 

DRAIN. TO-SOURCE VOLTS (Vps) = 15 
SET Vo1s FOR Ip = 10 mA AT VG25 = 4V 
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MAGNITUDE OF REVERSE TRANSADAITTANCE |Y;s| -mmho 


GATE NO. 2-TO-SOURCE VOLTS (VG2s) 


Fig. 19- y,, vs. Vg25 


COMMON SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Ta)= 25°C 

DRAIN-TO-SOURCE VOLTS (Vpg)= 18 
ISIORAIN MILLIAMPERES (Ip)®! 

GATE NO.2-TO-SOURCE VOLTS (Vg2sh+4 


fo] 


MAGNITUDE OF FORWARD TRANSAOMITTANCE 
1 Yq} MILLIMHOS 


FREQUENCY (f) —MHz 


Fig. 22- y¢, vs. frequency 
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92CS -19776Rt 


92SS-4090 


9288-4575 
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INPUT SUSCEPTANCE ( bis) -MILLIMHOS 


ANGLE OF REVERSE TRANSADMITTANCE (6,,) - DEGREES 


SE ANGLE OF FORWARD TRANSADMIT TANCE (§)- DEGREES 


COMMON~ SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Ta)*25°C 
FREQUENCY (f)=200 MHz 
f ORAIN -TO- SOURCE VOLTS (Vps)=15 
GATE NO.2-TO~SOURCE VOLTS (WVg2s)"4 
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DRAIN MILLIAMPERES- (Ip) 


Fig. 14- yf, vs. Ip 


COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Ta) * 25°C 


FREQUENCY (f)* 200 MHz 
DRAIN -TO- SOURCE VOLTS (Vp) #15 
GATE NO.1- TO-SOURCE VOLTS (Vg45)*-0.6 


0 


OUTPUT CONDUCTANCE (g _)MILLIMHOS 
° 


-2 <I ie] t 2 3 4 
GATE NO. 2-TO-SOURCE VOLTS (Vgag) 


Fig. 17- yos vs. VG25 


COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Ta)= 25°C 
DRAIN-TO-SOURCE VOLTS (Vps)='5 

6} DRAIN MILLIAMPERES (Ip) *! 


INPUT CONDUCTANCE {g;,) —MILLIMHOS 


9288-4089 


ul Ps iS 


cx) 
OUTPUT SUSCEPTANCE (bog)~MILLIMHOS 


PHASE ANGLE OF FORWARD TRANSADMITTANCE (@)- DEGREES) 


92CS -19767R1 


eane' a 
peer TEEPE eee ee eee 


FREQUENCY (t)— MHz 


Fig. 20- y;, vs. frequency 


COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Ta) = 25° C 
DRAIN-TO-SOURCE VOLTS (Vps) = 15 

0.3} DRAIN MILLIAMPERES (Ip) = 1 
GATE NO. 2-TO-SOURCE VOLTS (Vga) = +4 


MAGNITUDE OF REVERSE TRANSADMITTANCE [Y,.|- mmho 


FREQUENCY (MHz) 


Fig. 23.- y,, vs. frequency 


92S-4092R1 


992SS-4576 


INPUT SUSCEPTANCE (big) - MILLIMHOS 


ANGLE OF REVERSE TRANSADMITT ANCE (6,,) - DEGREES 
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3N200 


Silicon Dual Insulated -Gate Field-Effect Transistor 


N-Channel Depletion Types 
With Integrated Gate-Protection Circuits 


For Military and Industrial Applications up to 500 MHz 


RCA-3N200 isan n-channel silicon, depletion type, dual 
insulated-gate field-effect transistor. 


Special back-to-back diodes are diffused directly into the 
MOS pellet and are electrically connected between each 
insulated gate and the FET’s source. The diodes effectively 
bypass any voltage transients which exceed approximately 
+10 volts. This protects the gates against damage in all 
normal handling and usage. 


A feature of the back-to-back diode configuration is that it 
allows the 3N200 to retain the wide input signal dynamic 

_range inherent in the MOSFET. In addition, the low junction 
capacitance of these diodes adds little to the total 
capacitance shunting the signal gate. 


The excellent overall performance characteristics of the 
RCA-3N200 make it useful for a wide variety of rf-amplifier 


Maximum Ratings, Absolute-Maximum Values, at T4 = 25°C 


DRAIN-TO-SOURCE VOLTAGE, Vps.... -0.2 to +20 Vv 
GATE No.1-TO-SOURCE VOLTAGE, VG61s: 
Sohne AAO) se seek eoeteca Does OS oaks 6 to +3 Vv 
Si sede andl MORO oa Me Bilal Sendo 6 to +6 Vv 
GATE NE .2:TO-SOURCE VOLTAGE, Vgas: 
itil (DC). 25 oth. ce cea. Gycettohstecet -6 to 30% of Vps Vv 
Peak: 8Co..3 .eisi ata ens eects -6 to +6 Vv 
* DRAIN- To. GATE VOLTAGE, 
VpGiOR VoG2 .............. +20 Vv 
* DRAIN CURRENT, Ip ............ 50 mA 
* TRANSISTOR DISSIPATION, Pr: 
At ambient upto 25°C ..... 330 mw 
temperatures f above 25°C ..... derate linearly at 
2.2 mW/°C 
* AMBIENT TEMPERATURE RANGE: 
Storage and Operating .......... -65 to +175 oc 
* LEAD TEMPERATURE (During soldering): 
At distances_> 1/32 inch from 
seating surface for 10 seconds max. 265 oc 


*In accordance with JEDEC registration data format (JS-9 RDF-19A) 


applications at frequencies up to 500 MHz. The two 
serially-connected channels with independent control gates 
make possible a greater dynamic range and lower cross— 
modulation than is normally achieved using devices having 
only a single control element. 


The two-gate arrangement of the 3N200 also makes possible a 
desirable reduction in feedback capacitance by operating in 
the common-source configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without neutralization; and, of special im- 
portance in rf-amplifiers, it reduces local oscillator 
feedthrough to the antenna. 


The 3N200 is hermetically sealed in the metal JEDEC TO-72 
package. 


Performance Features 

e Superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET s 

e@ Wide dynamic range permits large-signal handling 
before overload 

e@ Dual-gate permits simplified age circuitry 

e Virtually no agc power required 

e Greatly reduces spurious responses in FM receivers 


Device Features 
e Back-to-back diodes protect each gate against 

handling and in-circuit transients 
® High forward transconductance — 

9f5 = 15,000 wmho (typ.) INPUT 
e High unneutralized RF power gain — 

Gps = 12.5 dB (typ.) at 400 MHz 

= 19 dB (typ.) at 200 MHz 
@ Low VHF noise figure — 3.9 dB (typ.) at 400 MHz 
3.0 dB (typ.) at 200 MHz 


y and s Parameters vs. Frequency 


TEST CONDITIONS: Drain-to-Source Volts (Vps) = 15, Drain Milliamperes (Ip) = 10, 
Gate No. 2-to-Source Volts (Ve2s5) = 4 


CHARACTERISTICS symBoL | FREQUENCY (MHz) 
ee 


Maximum Available Power Gain 
Maximum Usable Power Gain (Unneutralized)* 

Y Parameters 
Input Conductance 
Input Susceptance 
Magnitude of Forward Transadmittance 
Angle of Forward Transadmittance 
Output Conductance 
Output Susceptance 
Magnitude of Reverse Transadmittance 
Angle of Reverse Transadmittance 

§ Parameters 


Magnitude of Input Reflection Coeff. 
Angle of Input Reflection Coeff. 
Magnitude of Forward Transmission Coeff. 
Angle of Forward Transmission Coeff. 
Mangitude of Output Reflection Coeff. 
Angle of Output Reflection Coeff. 
Magnitude of Reverse Transmission Coeff. 
Angle of Reverse Transmission Coeff. 


*Limited only by practical design considerations 
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FREQUENCY (MHz) UNITS 


dB 
dB 


mmho 


mmho 
mmho 
degrees 
mmho 
mmho 
mmho 
degrees 


degrees 


degrees 


degrees 


degrees 


Applications 


e RF amplifier, mixer, and IF amplifier in military and industrial 


communications equipment 


e Aircraft and marine vehicular receivers 


e CATV and MATV equipment 
@ Telemetry and multiplex equipment 


TERMINAL DIAGRAM 


LEAD 1-DRAIN 

LEAD 2-GATE No. 2 

LEAD 3-GATE No. 1 

LEAD 4-SOURCE, SUBSTRATE 
AND CASE 


0 
TUBULAR 
eet 


9288 4577 


All resistances in ohms 
All capacitances in pF 


Cy, Co: 1.3-5.4 pF variable ait capacitor: 
Hammerland Mac 5 type or 
equivalent 

C3: 1.9-13.8 pF variable air capacitor: 
Hammerland Mac 15 type or 
equivalent 

C4: Approx. 300 pF - capacitance form- 
ed between socket cover & chassis 

Cz: 0,8-4.5 pF piston type variable 
ait capacitor: Erie 560-013 or 
equivalent 

Lj Lg: Inductance to tune circuit 


Fig. 1 - 400 MHz power gain and noise figure test circuit 
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GATE NO. 1-TO-SOURCE VOLTS (Vg15) 
92SS- 4578 


Fig. 2-Ip vs. Ve1s5 


ELECTRICAL CHARACTERISTICS 
at Ty = 25°C 


SYMBOLS 
unless otherwise specified 
Gate No. 1-to-Source Cutoff Voltage Vo1goff) ee + ; Ip = 502A 
=+ 
Vos =+15V, Ip =50KA 
Gate No. 2-to-Source Cutoff Voltage VG2x(off) Vers =0 0 
= = 250 
Gate No. 1-Terminal Forward Current IGISsF Mo : ae 0 H, 7 sae 
Veis=-6V [Ty = 25°C 
IGISSR Vg25 = Vps = 0| Ta = 100°C 
= = 0 
Gate No. 2-Terminal Forward Current IGossF ce 7 ie 0 i, e aa 


LIMITS 


POWER GAIN (Gps) - 4B 
i 


TEST CONDITIONS UNITS 


— 
— 
ran) 
S 


J 
+ 


Gate No, 1-Terminal Reverse Current 


| Veag=-6V | Ta = 25°C 
‘odes: G2s A 

Gate No. 2-Terminal Reverse Current Vis = Vps =0| Ta = 100°C 
Vos = +15V, Vgis = 0 
Vegas = +4V 


Zero-Bias Drain Current 


Forward Transconductance u.mho 


(Gate No. 1-to-Drain) 
Small-Signal, Short-Circuit Input 


o 
nN 


go 
on S an & 


B= * S]F sI]F os 


Capacitance Ciss 


Small-Signal, Short-Circuit, 
Crss 


f= 1 MHz 


v1 


Reverse Transfer Capacitance 
(Drain-to-Gate-No. 1)* 


Small-Signal, Short-Circuit Output 
Capacitance 


p 


Coss 


a io) oO on es, 
: ‘ 5) 
on oO S Oo ‘ 


Power Gain (see Fig. 1) 


fan] 
— . 

low] 

ow 


Noise Figure (see Fig. 1) f = 400 MHz 
[eine a 
- paler once Forward Ioisse 

Breakdown Voltage Gate No. 1 V * 

: BR)GISSF = = 
(BR) Igasse = LYG2s = Vos *9 
Gate No. 2 V(BR)G2SSF 100A Veis = Vps =0 
*! Gate-to-Source Reverse IGISSR = 
Breakdown Voltage Gate No. 1 V(BR)G ISSR igossr =| Yeas = Vos =0 
100A -13 
Gate No. 2 V(BR)G2SSR Me Vois = Vps 29 


*In accordance with JEDEC regist: ation data format T Capacitance between Gate No. 1 and ali other terminals. 
(JS-9 RDF-19A) oThree-terminal measurement with Gate No. 2 and 
Source returned to guard terminal. 
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AMBIENT TEMPERATURE (Tg) = 25°C F4-++ +4 
GATE NO. 2-TO-SOURCE VOLTS (Vg2s) = 474 
ana 
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DRAIN MILLIAMPERES (Ip) 


PTT 
0 2 4 6 8 10 
GATE NO. 2-TO-SOURCE VOLTS (Vg2s) DRAIN-TO-SOURCE VOLTS (Vps) 
9255-8579 9258-4580 


Fig. 4-Ip vs. Vos 


Fig. 3-Ip vs. V625 


AUTOMATIC GAIN CONTROL VOLTS (Vacgc) 


Fig. 5-Vacc vs. Vo7s 


AMBIENT TEMPERATURE (Tg) = 25°C [TTT] 
FREQUENCY (f) = 400 MHz anean 
DRAIN MILLIAMPERES (ip) = 10 H+ 
GATE NO. 2-TO-SOURCE VOLTS (Vg7s) * 441 


INPUT CONDUCTANCE (9) 5) - MILLIMHOS 


DRAIN-TO-SOURCE VOLTS (Vps) 


Fig. 6-yj, vs. VDS 


AMBIENT TEMPERATURE (T,) = 25°C sececsessecasseacgae 
a 


FREQUENCY (f) = 400 MHz 
DRAIN MILLIAMPERES (Ip) = 10 HH 
GATE NO. 2-TO-SOURCE VOLTS (Yg2s) = 41 


OUTPUT CONDUCTANCE (9,3) OR SUSCEPTANCE (by,) — 


MILLIMHOS 


DRAIN-TO-SOURCE VOLTS (Vps) 


Fig. 7-y,, vs. Vos 


AMBIENT TEMPERATURE (Ta) = 25°C 

f REQUENCY (f) = 400 MHz 

DRAIN MILLIAMPERES (ip) = 10 

GATE NO. 2-TO-SOURCE VOLTS (Vg25) = 4 
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0 2 4 6 8 
DRAIN-TO-SOURCE VOLTS (Vos) 


Fig. 8-yt, vs. VDS 
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92S$- 4581 


9258-4582 


9255 $984 
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INPUT SUSCEPTANCE ({b;,)- MILLIMHOS 


AMBIENT TEMPERATURE (Tq) = 25°C 
FREQUENCY (f) = 400 MHe 
DRAIN-TO-SOURCE VOLTS (Vp3) = 15 


AMBIENT TEMPERATURE (T,) = 25°C 
FREQUENCY (f) = 400 MHz 

DRAIN MILLIAMPERES (Ip) = 10 

GATE NO. 2-TO-SOURCE VOLTS (Vg2s) = 4 


AMBIENT TEMPERATURE (T,) = 25°C 
FREQUENCY (f} = 400 MHz 
DRAIN-TO-SOURCE VOLTS (Vps) = 15 
GATE NO. 2-TO-SOURCE VOLTS (Vas) = 4 


TFUDE OF REVERSE TRANSADMITT ANCE 
bt 


[yrs] — MILLIMHOS 


3 
ES 
ad 
= 
= 
' 
3 
wy 
: 
w 
g 
a 
- 
z 
- 
3 


INPUT CONDUCTANCE (9;,) - MILLIMHOS 
INPUT SUSCEPTANCE (b)5) - MILLIMHOS 
OUTPUT CONDUCTANCE (995) - MILLIMHOS 


ANGLE OF REVERSE TRANSADNITTANCE ZY. 


AIN-TO- vi v 
ORAIN-TO-SOURCE VOLTS (Ys) DRAIN WILLIAMPERES (Ip) DRAIN MILLIAMPERES (Ip) 


9255-4585 9285-4586 9258-4987 


Fig. 9-y;, vs. Vps Fig. 10-yis vs. Ip Fig. 11-y,, vs. Ip 


AMBIENT TEMPERATURE (Ty) * 25°C 
FREQUENCY (f) = 400 MHz 
ORAIN-TO-SOURCE VOLTS (Vps) = 15 
DRAIN MILLIAMPERES (Ip) = 10 AT gas = 


AMBIENT TEMPERATURE (T,) = 25°C 
FREQUENCY (f) = 400 Mix 

ORAIN-TO-SOURCE VOLTS Vp) « 15 
GATE NO, 2-TO-SOURCE VOLTS (Vg25) = 413 


AMBIENT TEMPERATURE (T,) = 25°C 
FREQUENCY (f) = 400 MHz 
DRAIN-TO-SOURCE VOLTS (Vn) = 15 
GATE NO. 2-TO-SOURCE VOLTS (Vg2s) = 4 


o 


g 


ANGLE OF FORWARD TRANSADMITTANCE 


s 


rts - DEGREES 


MAGNITUDE OF REVERSE TRANSADMITTANCE 
\Ys1 - MICROMHOS 
OUTPUT SUSCEPTANCE (by,)- MILLIMHOS 


INPUT CONDUCTANCE (9;,) - MILLIMHOS 


MAGNITUDE OF FORWARD TRANSADMITT ANCE 


a 
ANGLE OF REVERSE TRANSADMITTANCE LY, - DEGREES 


0 24 so 0 WwW ww “jc =e te i eS 
DRAIN MILLIAMPERES (Ip) DRAIN MILLIAMPERES (Ip) GATE NO. 2-TO-SOURCE VOLTS (VG7s) 
9258-4588 9288-4589 9255-4590 
Fig. 12-yf, vs. Ip Fig. 13- y,, vs. Ip Fig. 14- y;, vs. Vo25 


AMBIENT TEMPERATURE (T,) = 25°C H Cy] AMBIENT TEMPERATURE (Ta) = 25°C 
FREQUENCY (f) » 400MHz FREQUENCY (f) = 400 MHz 

DRAIN-TO-SOURCE VOLTS ¥ps) 215 DRAIN-TO-SOURCE VOLTS (V; s) = 15 

DRAIN MILLIAMPERES (Ip) = 10 AT Vgag = 4V DRAIN MILLIAMPERES (Ip) = sf AT Vo2s = 4V 


AMBIENT TEMPERATURE (Ta) = 25°C 
FREQUENCY (f) = 400 MH: 

DRAIN-TO-SOURCE VOLTS (Vps) = 15 

DRAIN MILLIAMPERES (Ip) = 10 AT Vg25 = 4V 


MILLIMHOS 


MAGNITUDE OF REVERSE TRANSADMITT, 
71s] MICROMHOS 
z 
Co 


OUTPUT CONDUCTANCE (95) — MILLIMHOS 
OUTPUT SUSCEPTANCE (b.,) - MILLIMHOS 


abba OF FORWARD TRANSADMIT TANCE 
Yfs| ~ 


ANGLE OF FORWARD TRANSADMITTANCE Z Yfs - DEGREES 
ANGLE OF REVERSE TRANSADMITTANCE ZY,;- DEGREES 


GATE NO. 2-TO-SOURCE VOLTS (Vg 25) GATE NO. 2-TO-SOURCE VOLTS (VG2s5) GATE NO. 2-T0-SOURCE VOLTS (V¢25) 
92SS- $591 9253-4597 9285-4593 


Fig. 15- yo vs. VG25 Fig. 16- y¢, vs. VG2s Fig. 17-y,, vs. V625 
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AMBIENT TEMPERATURE (T,) = 25°C 
DRAIN-TO-SOURCE VOLTS (Vpg) = 15 
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GENERATOR SOURCE CONDUCTANCE ~ MILLIMHOS 


-% -WS -15 -125  -10 -7.5 
GATE NO, 2-TO-SOURCE VOLTS (V¢2s5) GATE NO. 1-TO-SOURCE VOLTS (V5) GENERATOR SOURCE SUSCEPTANCE - MILLIMHOS 
9285 4594 9285-4595 S2SS-4596 


Fig. 18- g** «. V625 Fig. 19- gf, vs. Vers 


Fig. 20- Noise figure vs. generator source admittance 
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Features: 


Silicon Dual-Insulated-Gate 


3N204, 3N205, 3N206 


m Low Crsg — 0.03 pF max. 


Field-Effect Transistors 


= High |Y¢;|— 14 mmho typ. for 3N204 and 3N205 


® Integrated gate-protection diodes 


With Integrated Gate-Protection Circuits 
For VHF TV Applications 


3N204 — RF Amplifier 
3N205 — Mixer 
3N206 — TV IF Amplifier 


The RCA-3N204, 3N205, and 3N206 are 
n-channel silicon, depletion type, dual-insu- 
lated gate, field-effect transistors intended 
for vhf TV applications. Integrated back- 
to- back diodes protect the gates from ex- 
cessive input voltages. 


The 3N204 is intended for use in vhf rf 
amplifiers and delivers linear, low-noise ampli- 
fication. Its extremely low feedback capaci- 
tance allows high-gain stable operation with- 


MAXIMUM RATINGS, 


* DRAIN-TO-GATE No.1 VOLTAGE . 
* DRAIN-TO-GATE No.2 VOLTAGE . 
* DRAIN-TO-SOURCE VOLTAGE 


* GATE No.1-TERMINAL REVERSE CURRENT 
* GATE No.2-TERMINAL REVERSE CURRENT 
* CONTINUOUS DRAIN CURRENT 
* DEVICE DISSIPATION: 
UptoTa=25°C. . . . 
Above Ta = 25°C derate linearly 
UptoTc=25°C . ... 
Above Tc = 25°C derate linearly 
* AMBIENT TEMPERATURE RANGE: 
Operating 
Storage. . . 


Absolute Maximum Values at Ta = 25°C 


* GATE No.1-TERMINAL FORWARD CURRENT4 
* GATE No.2-TERMINAL FORWARD CURRENT 


* LEAD TEMPERATURE (DURING SOLDERING): 


out neutralization. The 3N205 is specified for 
low noise vhf mixer applications. The 3N206 


At distance 1/16 + 1/32 inch (1.59 0.79 mm) 


from case for 10 seconds max. 
is intended for use in tuned high-frequency 


amplifiers such as TV if strips. 


30 Vv 

30 Vv 

25 Vv 

10 mA 

10 mA 
—10 mA 
—10 mA 
50 mA 

360 mw 
2.4 mW/°C 

1.2 w 

8 mW/°C 

—65 to +175 oG 
—65 to +200 a 8 
+300 % 


4 Forward gate-terminal current is the current into a gate terminal with a forward-gate-to-source voltage applied. 
This voltage is of such polarity that an increase in its magnitude causes the channel resistance to decrease. 


* In accordance with JEDEC registration data format (JS-9 RDF-19B) 


OPERATING CHARACTERISTICS at T, = 25°C 


CHARACTERISTIC 


Common-Source Spot Noise 
Figure, NF 


Small-Signal Common-Source 
Insertion Power Gain, Gps 


Bandwidth, BW 


* 


*K 


Vpp=18 V, VgG=7 V, 
f = 200 MHz, See Fig.13 


* 


VDD=18 V, AGps=—300B, 1! 
f=200 MHz, See Fig. 13 


Vp=15 V, VG2s = 4V, 
f = 450 MHz, Ip = 10 mA, 
See Figs. 15 and 16 


ra 


* 


Vpp=18 V, fLQ=245 MHz,3 
fRF=200 MHz, See Fig.17 


* 


* 


Common-Source Spot Noise | 
Figure, NF 

Small-Signal Common-Source]| Vpp=24 V, VGG=6 V, 
Insertion Power Gain, Gpg f=45 MHz, See Fig. 14 


Bandwidth, BW 


*! Gain-Contro! Gate-Supply 
Voltage, VGG(GC) 


* 


* 


Vpp=24 V, AGp.=—30dB ,2 
f=45 MHz, See Fig. 14 


*in accordance with JEDEC registration data format (JS-9 RDF-19B). 
1. AGos is defined as the change in Gos from the value at Voc" 7V. 
2. AGps is defined as the change in Gos from the value at Vag = 6V. 
3. Amplitude at input from local oscillator is 3 V RMS. 


Bees SOB8s on 
GATE No.2-TO- SOURCE VOLTS(Vg2s) = 4 [HETHHE 
AMBIENT TEMPERATURE (Ta )*25°C 

2 HE ie 


DRAIN CURRENT (Ip)-mA 


DRAIN - TO-SOURCE VOLTS (Vps) 
92CS-27947 


Fig.1 — Drain current vs. drain-to-source volts 
(pulse-tested with pulse duration = 
300 us, duty cycle <2%). 


DRAIN-TO-SOURCE VOLTS (Vp )=I5 
AMBIENT TEMPERATURE (Ta )= 25°C 
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4 
GATE No.1-TO-SOURCE VOLTS (Vgig ) 
92CS-27948 


Fig.2 — Drain current vs. gate-No. 1-to-source volts 
(pulse-tested with pulse duration = 300 us, 
duty cycle S 2%). 
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3N204, 3N205, 3N206 


ELECTRICAL CHARACTERISTICS, At T, = 25°C (unless otherwise specified) 


CHARACTERISTIC TEST CONDITIONS 


* | Drain-to-Source Breakdown Ip = 10KA, 
Voltage, V(BR)DS VGois=VG2s= —5V 


Gate No.1-to-Source Forward 
1G14=10mA, V =Vpc=0 
Breakdown Voltage, VipR)G1SSF! G1 m G2S° YDS 


Gate No.1-to-Source Reverse 


LIMITS 


c 


NITS 


NO 
on 


| 
w 
S 


=—10mA,V =Vpc=0 
Breakdown Voltage, V(pR)G1SSR! Key Mie GIS: DS 


Gate No.2-to-Source Forward 


1e9=10mA, V =Vnc=0 
Breakdown Voltage, VigR)G2SSF! G27 G1S°YDS 


| 
3 3 


Gate No.2-to-Source Reverse 


Ia9= -10mA, V =Vpc=0 
Breakdown Voltage, VigR)G2SsR! G2 mA, VG1S- ¥ OS 


Gate No.1-Terminal Forward 


Current, es SSF 


Vg1s=5V. Vgas=Vps=0 


— 
io) 


* 1 Gate No.1-Terminal Reverse VGis= —9V, Ta=25 C —10 
Current, IG1SSR Vgas-Vps=0 T ,=150°C uA 


Gate No.2-Terminal Forward 


Current, IG2SSF 


=) 


Gate No.2-Terminal Reverse 


Current, |Gassr 


5 
> 


VGgos —5V, 


> 


VG1s*Vps*9 


Zero-Gate No.1-Voltage 
Drain Current, Ips? 


=| 
> 


co | 
> 
i 
on 
2. 
2) 


| 

© 

o 
| 
h lela] = 
AlO};oO} oO 


3 
fo 
3S < < > 


Gate No.1-to-Source Cutoff 
Voltage, VG1S(off) 


Gate No.2-to-Source Cutoff 


| 
© 
N 


Voltage, VG2S (off) 


Small-Signal Common-Source 
Forward Transfer Admittance, 


—_ NO NO 


Small-Signal Common-Source 


Vos! 5V, VG2as74V, 


‘Reverse Transfer Capacitance, 
Ip = 10 mA, f = 1 MHz 


C 


pF 


© 
ro) 
S ~ 
on 


Ee 
fo) ; 
o>) 


FORWARD TRANSFER CONDUCTANCE (94,)0R 


rss 

*In accordance with JEDEC registration data format (JS-9 RDF-19B). 

1. All gate breakdown voltages are measured while the device is conducting rated gate current. 
This ensures that the gate-voltage-limiting network is functioning properly. 

2. This characteristic must be measured using pulse techniques (ty = 300us, duty cycle < 2%). 


3. This characteristic must be measured with bias voltages applied for less than 5 seconds to 
avoid overheating. The signal is applied to gate No.1 with gate No.2 at ac ground. 
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COMMON - SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Ta) = 25°C 
DRAIN-TO-SOURCE VOLTS (Vpg)#!5 
GATE No.2 TO- SOURCE VOLTS (Vgag)24 
DRAIN CURRENT (Ip )=10mA 


MHOS 


YOR 


aH 


—MILL 


INPUT CONDUCTANCE (9 


SUSCEPTANCE (bjs) 


FREQUENCY (f)-MHz 


92CS-27949 


Fig.3 — Yj5 vs. f 


COMMON- SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Ta) = 25°C 
DRAIN-TO-SOURCE VOLTS (Vpg) #15 
GATE No.I-TO-SOURCE VOLTS (Vgj5) * 


euueen: ge ee- 
aca Renee ., 
auauer .. 


INPUT CONDUCTANCE AT 200 MHz (gj,) —mmho 


GATE No.2~TO- SOURCE VOLTS (Vg2s) 


Fig.4 — Yj, vs. VGos 


INPUT CONDUCTANCE AT 45 MHz Tg is) -mmbo 


92CS-27950 


COMMON - SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Ta)= 25°C 
-|5| DRAIN - TO- SOURCE VOLTS (Vog)#!5 
GATE No.2 TO- SOURCE VOLTS (Vg9g)=4 
DRAIN CURRENT (Ip)=10mA 


FORWARD TRANSFER CONDUCTANCE ( 
SUSCEPTANCE ( byg)-MILLIMHOS 


10 100 ‘ 
FREQUENCY (f)-MHz 


92CS-27951 


Fig.5 — Y fg vs. f 


COMMON- SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Ta) * 25°C 
FREQUENCY (f)* 200 MHz 
ORAIN-TO-SOURCE VOLTS (Vpg) #15 
GATE No.1-TO-SOURCE VOLTS (Vgj5) «0 


ts)-MILLIMHOS 


2 
ua 
o 
z 
Pe 
a 
WwW 
oO 
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> 
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3 
GATE No.2-TO-SOURCE VOLTS (Vgo5) 


Fig.6 — Y¢, vs. VG2g 


92CS- 27 952 


OUTPUT CONDUCTANCE (gos) OR 
SUSCEPTANCE (bos)— MILLIM 


OUTPUT CAPACITANCE (C og, )— pF 


POWER GAIN (Gps)— 4B 


RELATIVE POWER GAIN(AG ps)-dB 


COMMON - SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Ta)=25°C 
DRAIN - TO- SOURCE VOLTS (Vpg)*!5 
GATE No.2 TO-SOURCE VOLTS (Vgag)*4 
DRAIN CURRENT (Ip)=iOmA 


3 


2 


8 1000 


FREQUENCY (f)-MHz 


92CS-27953 


COMMON- SOURCE CIRCUIT 
AMBIENT Marotta (Tad= 25°C 
FREQUENCY (f)=| MH 


DRAIN- yO souRCE VOLTS (Vps) #15 


GATE No.2-TO- SOURCE VOLTS (VgG2s) 
> 92CS-27956 
Fig. 170 —- Coss VS. VG2s 


COMMON- SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Ta)#25°C 

FREQUENCY (f)= 200 MHz 
RAIN-TO-SOURCE VOLTS (Vps)#€ 


SEE FIG.13 
-6 4 “2 Ce) 2 4 6 8 
GAIN- CONTROL GATE SUPPLY VOLTAGE [Vegi acy] ¥ 
92CS-27957 


Fig.11 — AGps vs. VGG(GC) 


COMMON - SOURCE CIRCUIT 
AMBIENT Usenet elena (Ta) = 25°C 
FREQUENCY (f)* 200 M Zh) 
ODRAIN-TO-SOURCE VOLTS (Vpg) #18 
SEE FIG. I3 

30| ADJUST VGG FOR Ip 


an 
aa 
aa sneee es 
t 2 3 4 5 6 


DRAIN CURRENT Ip-mA 


SHES uSEESeEeS 
8 9 


N 


92CS-27958 


Fig.13 — Gps vs. Ip 


COMMON- SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Ta)= 25°C 
FREQUENCY (f)=200 

35] DRAIN-TO-SOURCE VOLTS (Vpg) #15 
GATE No.I-TO-SOURCE VOLTS (Vgjs) © 


MILLIMHOS 


OUTPUT CONDUCTANCE ( gos) OR 
y— 
os 
Nu 


2 : 
~ 

w . 
O15 . 
q H 
- ry 
a. 2 
w | an 
oO eB 
g HH 
or an 
"O05 a 


GATE No.2-TO- SOURCE VOLTS (Vg2s) 
92CS-27954 


F 
FROM 509 4 200! # 
SOURCE 


27 


| 
[. 
| 
ioe 


sly et ec hai es oe a aoe 
NOTE: a. 


Cl, C2, & C3: LEADLESS DISC CERAMIC, 0.00! pF 
C4: ARCO 462, 5-80 pF, OR EQUIVALENT 


LI: 3 TURNS No. 18 WIRE, 3/16 INCH-DIA. ALUMINUM SLUG 
L2:9 TURNS No. 20 WIRE, 3/16 INCH-DIA. ALUMINUM SLUG 


3N204, 


3N205, 3N206 


COMMON- SOURCE CIRCUIT 

¢| AMBIENT Aap ea hinge (Ta) 2 25°C 
FREQUENCY (f)=| 
ORAIN- OCSOURCE" Vours (Vpg) #15 


re 
a 
' 
g 
ua 
1S) 
a 
a 
y 
a 
a 
q 
1) 
- 
P=) 
a 
< 


-8 -6 4 ~2 0 2 4 
GATE No.2-TO- SOURCE VOLTS (Vg2s) 
92CS-27955 


Fig.9 — Ciss vs. VGos 


92CS-27960 


Fig.12 — 200-MHz power gain, gain-control voltage, and noise-figure test circuit for 3N204*. 


* In accordance with JEDEC registration data format (JS-9 RDF-19B). 


@ 
nN 


15 pF 
FROM 502 
SOURCE eo 

| 

| 

| 
NOTE : 


Ci: LEADLESS DISC CERAMIC, 0.001 uF 
C2:LEADLESS DISC CERAMIC, 0.0] uF 


ee ee 


LI:8& TURNS No. 28 WIRE, 5/32 INCH-DIA. FORM, TYPE "u" SLUG 
L2:9 TURNS No. 28 WIRE, 5/32 INCH-DIA. FORM, TYPE "J" SLUG 


TO 502 
LOAD 
| 
| 
| 
270 2 | 
t---! 
92CM-27959 


Fig.14 — —45-MHz power-gain and noise-figure test circuit for 3N206*. 
* In accordance with JEDEC registration data format (JS-9 ROF-19B). 
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3N204, 3N205, 3N206 


i 


0.687 0-625 0.687__ 
i745) (15.88) °t* (17.45) 


RF CONNECTOR UG-290/U 


1-375 
(34.93) 
0.50 
aes a 


RF CONNECTOR UG-290/U 


rc 


No.JO DRILL 
4 EA. 


468.1 1.031 19.500. VIEW A 
11.89) |) (26-19) 12.70 


oo 
~~ 
O° 

aS 

eT 
= 

ae 
oN 
oe 
So 


(BEFORE BENDING) a 
es ia) 


(BEFORE BENDING) 


92CL-27962 


NOTES: 

A. Dimensions in parentheses are in millimeters and are derived from 
the basic inch dimensions, as indicated. . 

B. The removable top of test fixture is not shown. , 

C. For clarity, the 62 kQ resistor, the source and gate-2 socket pins, 
and insulating stand-off terminals (ISOT) soldered into the fold of 
L1 and L2 respectively for mechanical support, are not shown in 
view A. 

D. C1 and C2 (C3 and C4) consist of shim brass and the “C”’ portion of 
L1 (2) separated by air and the mylar tape covering the ‘’C”’ portion 
of L1 (L2). 

E. The four views surrounding the center view are as they would appear 
before the metal is bent up to form the sides. 


Fig.18 — ~450 MHz power-gain and noise-figure test fixture*. 


* In accordance with JEDEC registration data format (JS-9 RDF-19B). 
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3N204, 3N205, 3N206 


FROM 502 
SOURCE 


(ADJUST FOR Ip 210mA) 


NOTE : 
FOR TEST FIXTURE, SEE PICTORAL DRAWING IN FIGURE I6 
Ci THRU C4 : SEE FIGURE 16, NOTE D 


C5: 0.00InF LEADLESS DISC CAPACITOR 
C6 THRU CIO: ALLEN-BRADLEY FSAU 0.001 uF FEED- THROUGH CAPACITORS,OR EQUIVALENT 


LI@ L2:SEE FIGURE 16 
92CM-2796! 


Fig. 16 — —450-MHz power-gain and noise-figure test circuit for 3N204*. 
* In accordance with JEDEC registration data format (JS-9 RDF-19B). 


45 MHz 
245 MHz TO 509 
3Vems LOAD 
soa 
200 MHz 7 Z 
502 
92CM- 27963 
NOTE: T1: PRI: 16 TURNS No.30 WIRE CLOSE WOUND 
C1: ARCO 462, 5—80 pF, or EQUIVALENT ON 1/4 INCH DIA. FORM, TYPE “J SLUG 
C2: ARCO 460, 1.5-15 pF, OR EQUIVALENT SEC: 5 TURNS No.30 WIRE CENTERED 
L1: 4 TURNS No.14 WIRE, 1/4 INCH INSIDE DIA. OVER PRIMARY 


Fig.17 — —200 MHz-to-45-MHz circuit for conversion power gain for 3N205*. 
* In accordance with JEDEC registration data format (JS-9 RDF-19B). 


457 


3N211, 3N212, 3N213 


Silicon Dual-Insulated-Gate. Field-Effect Transistors | 


N-Channel Depletion Types © 
. is 3N211 — RF Amplifiers 


3N212 — Mixers 
3N213 — TV IF Strips 


With Integrated Gate-Protection Circuits 
For VHF TV Applications 


The RCA-3N211, 3N212, and 3N213 are 
n-channel silicon, depletion type, dual-insu- 
lated gate, field-effect transistors intended 
for VHF TV applications. Integrated back- 
to-back diodes protect the gates from ex- 
cessive input voltages. 


The 3N211 is intended for use in VHF RF 
amplifiers and delivers linear, low-noise ampli- 
fication. Its extremely low feedback capaci- 
tance allows high-gain stable operation with- 
out neutralization. The 3N212 is specified for 
low-noise VHF mixer applications. The 
3N213 is intended for use in tuned high- 
frequency amplifiers such as TV IF strips. 


MAXIMUM RATINGS, 


Absolute Maximum Values at Tg = 25°C 3N213 


3N211, 3N212 


DRAIN-TO-GATE No.1 VOLTAGE .......... V 
DRAIN-TO-GATE No.2 VOLTAGE .......... V 
DRAIN-TO-SOURCE VOLTAGE ........... V 
GATE No.1-TERMINAL FORWARD CURRENT* 10 mA 
GATE No.2-TERMINAL FORWARD CURRENT* 10 mA 
GATE No.1-TERMINAL REVERSE CURRENT . —10 mA 
GATE No.2-TERMINAL REVERSE CURRENT. —10 mA 
CONTINUOUS DRAIN CURRENT........... 50 mA 
DEVICE DISSIPATION: 

Upto: Ta 26 Caw ctuidecy sana etaweoes 360 mW 

Above Ta = 25°C derate linearly .......... 2.4 mw/°C 

Upto Te $28 6 cer vesesen tenes tees 1.2 mW 

Above Tc = 25 C derate linearly ......... 8 mw/°C 
AMBIENT TEMPERATURE RANGE: 

Operating: icc cxcuicsesutcaedieatene, —— -65 to +175 —— °C 

Sofas in Reise Cideta eee Sate ccreares ——- -65 to +200 ——— °C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) 

from case for 10 seconds max. .........-. —— +300 °C 


* Forward gate-terminal current is the current into a gate terminal with a forward gate-to-source voltage applied. 
This voltage is of such polarity that an increase in its magnitude causes the channel resistance to decrease. 


875] AMBIENT TEMPERATURE (Ta)* 25°C 

. [ORAIN-TO-SOURCE VOLTAGE (Vps)-I8 vt 

7s a Lg 
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DRAIN CURRENT (Ip)—mA 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-26168 
Fig. 1—Drain current vs. drain-to-source voltage 


for all types. 


GATE No. I-TO-SOURCE VOLTAGE (Vgis) —~ V 
92CS— 26169 
Fig.2—Drain current vs. gate No. 1-to-source 
voltage for all types. 


Features: 

m Low C,,, — 0.05 pF max. 

= High lY¥¢,| — 30 mmho typ. for 3N211 and 3N212 
® Integrated gate-protection diodes 


TERMINAL DIAGRAM 
3) Bottom View 


LEAD 1 — DRAIN 
LEAD 2 — GATE No.2 
LEAD 3— GATE No.1 
LEAD 4 — SOURCE, 
SUBSTRATE AND CASE 


AMBIENT TEMPERATURE (Ta)" 25°C saunseeceeege sagse 
saeesseasauee H 
ae 


DRAIN-TO-SOURCE VOLTAGE (Vps) #15 V +4414 H 
ashe suasescase 


eretatissitcatesttortuaiitentsstaat sssaee 
SGQRRRERERS BOARS Reeesesaaeseeeestaes 
SHS Hecceesectesize 


seats 
inti 


DRAIN CURRENT (Ip)— mA 


a 
er - 22a88 — amon wena an (i 
al SeTTtritttitt 


-l25 = -l ~O75 -05 -025 0 
GATE No.j-TO-SOURCE VOLTAGE (VGis)— V 


92CS- 26170 
Fig.3—Drain current vs. gate No. 1-to-source 


voltage for all types. 


AMBIENT TEMPERATURE (Ta)"25°C 
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GATE No. 2-~TO-SOURCE VOLTAGE (Vg2g)-—-V 
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?. one-.88 
-.00R 
g92cs- 2617! 


ORG He St oheeertt too 
a8 2687 2080 =— 2 e8SReee --2aR 
Fig.4—Drain current vs. gate No. 2-to-source 
voltage for all types. 


(Figures 1 — 4 are pulse tested. Pulse duration = 300 ys, duty cycle <2%.) 


458 


ELECTRICAL CHARACTERISTICS, At T, = 25°C (unless otherwise specified) 


CHARACTERISTIC TEST CONDITIONS | LIMITS 


* | Drain-to-Source Breakdown Ip = 10nA, 
Voltage, V(BR)DS VGois=VG2s= —4V 


* 1 Gate No.1-to-Source Forward 
Breakdown Voltage, VigR)G1SSF! 


* | Gate No.1-to-Source Reverse 
Breakdown Voltage, V(BR)G1 ssp 


* | Gate No.2-to-Source Forward 
Breakdown Voltage, V(BR)G2SSF1 


* | Gate No.2-to-Source Reverse 
| Breakdown Voltage, V(BR)G2SSR1 


* 1 Gate No.1-Terminal Forward 
Current, lG1Sssp 


*1 Gate No.1-Terminal Reverse Vois= —5V, 
Current, !Gissp VGg2s=Vps=0 


* 1 Gate No.2-Terminal Forward 
Current, IGassr . 


Gate No.2-Terminal Reverse VG2s= —5V, 
Current, IG2SSR VGis=Vps=0 


*1 Zero-Gate No.1-Voltage Vps=15V, Vg1s=0, 
Drain Current, Ips? VG2s=4V 


*1 Gate No.1-to-Source Cutoff 
Voltage, VG1S\(off) 


* 1! Gate No.2-to-Source Cutoff 
Voltage, V G2S (off) 


*! Small-Signal Common-Source 
Forward Transfer Admittance, 


Ivggl? 


* | Small-Signal Common-Source 
Vps=tl5V, VGas=4V, 


Reverse Transfer Capacitance, 
Ip=imA, f=1 MHz 


Crs 


*1n accordance with JEDEC registration data format (JS-9 RDF-19B). 


1. All gate breakdown voltages are measured while the device is conducting rated gate current. 
This ensures that the gate-voltage-limiting network is functioning properly. 


2. This characteristic must be measured using pulse techniques (ty = 300us, duty cycle < 2%). 


3. This characteristic must be measured with bias voltages applied for less than 5 seconds to 
avoic axe-heating. The signal is applied to gate No.1 with gate No.2 at ac ground. 
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GATE No.2-TO-SOURCE VOLTAGE (Vgos)— V 
92CS- 26172 


Fig. 5 — |¥.l vs. Veag for 3N211 and 3N212. 


AMBIENT TEMPERATURE (Ta)* 25°C 
DORAIN- TO-SOURCE VOLTAGE (Vpg)* 15 V 
FREQUENCY (f)= | kHz 


ore 
HEE Ih aeceegs peceageped 
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ie GATE No. |- TO- SOURCE {7 
f VOLTAGE (Vgis}*OV 


FORWARD TRANSFER ADMIT TANCE (ltl) — mmbho 


seacececes 


GATE No. 2-TO-SOURCE VOLTAGE (Vg2s5) —V 
92CS-26175 


Fig. 6 — |Y,| vs. Vgog for 3N213. 
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GATE No.1-TO-SOURCE VOLTAGE (Vgis)—V 
92CS~- 26174 


Fig. 7 - |Y¥,.|vs. Vgzg for 3N211, and 3N212. 


AMBIENT TEMPERATURE (Ta)* 25°C : 
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Fig. 8 — |Y,,| vs. Vgqg for 3N213. 
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3N211, 3N212, 3N213 


OPERATING CHARACTERISTICS at T, = 25°C 


LIMITS 


i 
2 
Cc 
= 
— 
n 


CHARACTERISTIC TEST CONDITIONS 


* | Common-Source Spot Noise 


Figure, F 


Od 
° N 


an 
el 


* | Small-Signal Common-Source Vpop=18V, VgGg=7V. 


Insertion Power Gain, G f = 200MHz, See Fig.9 


xe] 

a 
a 
wo 


* 


— 


H 


Bandwidth, B 
Gain-Control Gate-Supply 
Voltage, VGG(GC) 


Common-Source Spot Noise 
Figure, F 


* 


Vpp=18V,AGp.= —304B, ! 
f=200MHz, See Fig.9 


* 


*% 


Small-Signal Common-Source 
Insertion Power Gain, Gps 


Vop=24V, VGG=6V, 
f=45MHz, See Fig.10 


N 


* 


= 
Pa 
N 


Bandwidth, B 


Gain-Control Gate-Supply 
Voltage, VGG(GC) 


Vpp=24V, AGpg= —30dB,2 


f=45MHz, See Fig.10 


* Vpp=18V, fL9=245MHz,2 


fRF=200MHz, See Fig.11 


Small-Signal Conversion 
Power Gain, Gp, (conv) 


21 


* | Bandwidth, B 


* | Common-Source Spot Noise 


Figure, F 


~ 


* 1 Small-Signal Common-Source Vpp=24V, VeGg=sV, 


Insertion Power Gain, G f=45MHz, See Fig.9 


5°] 
“ 


o) 
oO > 


* | Bandwidth, B 


Gain-Control Gate-Supply Vpp=24V, AG p= —30dB,2 
Voltage, VGG(GC) f=45MHz, See Fig.9 


, * 


*In accordance with JEDEC registration data format (JS-9 RDF-19B). 2. AGpg is defined as the change in Gps from the value at VGgg = 6V. 


1. AGos is defined as the change in Gos from the value at Vac =7V. 3. Amplitude at input from local oscillator is adjusted for maximum 
G 


Veg Vop ps(conv): 
O O) 
470 470 
pF PF o 
SSeS Se S| oem) 7 
lOokQ | | 
| 


| : 
| L2 pF 

| 560 ka | . ! He TO soa 
FROM 50.9 A OOD! HF e 4 | 
SOURCE if 3 4 | - 


| 

| | ! 
| pF ko ra | C3 

es 270 | 

| L ae aaa a a | 

4 


Cl, C2, & C3: LEADLESS DISC CERAMIC, 0.001 »F 
C4: ARCO 462, 5-80 pF, OR EQUIVALENT * JEDEC REGISTERED DATA — — JEDEC 
Li: 3 TURNS No. I8 WIRE, 3/16 INCH-DIA. ALUMINUM SLUG RELEASE No. 6438. 


L2:8 TURNS No. 20 WIRE, 3/16 INCH-DIA. ALUMINUM SLUG 
92CM- 26176 


Fig.9—200 MHz power gain, gain control voltage, and noise figure test circuit for 3N21 7* 
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3N211, 3N212, 3N213 


== oot =| 
| 
| 8.2 
| 
| 


TO 502 
LOAD 
15 pF 
FROM 502 
SOURCE | 
| 270 Q | 
NOTE : ain 
Cl: LEADLESS DISC CERAMIC, 0.001 uF '“ 
C2:LEADLESS DISC CERAMIC, 0.0! pF JEDEC REGISTERED DATA-- 
L1:8 TURNS No. 28 WIRE, 5/32 INCH-DIA. FORM, TYPE "J" SLUG JEDEC RELEASE No. 6438. 
L2:9 TURNS No.28 WIRE, 5/32 INCH-DIA. FORM, TYPE ."JU" SLUG 
92CM~26177 


Fig.10—45 MHz power gain and noise figure test circuit for 3N211 and 3N213*. 


TEST CIRCUITS (CONT'D) 


245 MHz 
250 mV 
502 


| sec 


4 pF 
200 MHz 
502 


fee 
NOTE: 


Li: 7 TURNS No. 34 WIRE, 1/4 INCH DIA. ALUMINUM SLUG 
L2:5 1/2 TURNS No. 20 WIRE, |/4 INCH DIA. ALUMINUM SLUG 
L3:7 TURNS No. 24 WIRE, t/4 INCH DIA. AIR CORE 92CM-26178 
TI: PRI: 25 TURNS No. 30 WIRE CLOSE WOUND ON 1/4 INCH DIA. FORM, TYPE “J" SLUG 
SEC: 4 TURNS No. 30 WIRE CENTERED OVER PRIMARY 
Cl: ARCO TYPE 462, 5-80 pF mA 
C2:0.001 »F LEADLESS DISC JEDEC REGISTERED DATA - ~ JEDEC 


C3:0.01 pF LEADLESS DISC RELEASE No. 6438. 


Fig.11—200 MHz-to-4§ MHz circuit for conversion power gain for 3N212*. 
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40467A 


Silicon MOS Transistor. s-channe:vepietion type 
For VHF Tuners and Other VHF Amplifier 

Applications in Industrial & Commercial Electronic Equipment 
Operating up to 220 MHz 


RCA-40467A is an n-channel depletion-type silicon 
insulated-gate field-effect transistor utilizing the Mos* 
construction. It is intended primarily for vhf-amplifier 
applications in industrial and commercial electronic 
equipment. 


DRAIN-TO-SOURCE VOLTAGE, Vos 
DRAIN-TO-GATE VOLTAGE, Vog 
GATE-TO-SOURCE VOLTAGE, Vgc: 
CONTINUOUS (dc) 
PEAK ac 
DRAIN CURRENT, Ip 
TRANSISTOR DISSIPATION: 
Atambient jup to 25°C 
temperatures jabove 25°C ........ 
AMBIENT TEMPERATURE RANGE: 
Storage 
Operating 


The 40467A is useful in vhf applications requiring 
devices capable of providing high useful power gains 
at frequencies up to approximately 220 MHz. 


The 40467A features high forward transconductance, 
high dc gate-to-source resistance, and low feedback 
capacitance. Because of the improved transfer charac- 
teristic and increased dynamic range, the 40467A 
provides substantially better cross-modulation per- 
formance in linear-amplifier applications than con- 
ventional (bipolar) transistors and is free from diode- 
current loading, a problem that exists in junction type 
FET s. This device is hermetically sealed in the 
TO-72 metal case and utilizes full-gate construction. 


At distances not closer than 1/32 inch to 
seating surface for 10 seconds maximum 


ed Metal-Oxide Semiconductor 


ELECTRICAL CHARACTERISTICS AT T 


CHARACTERISTICS 


SYMBOLS | FREQUENCY 


Gate-to-Source Cutoff Voltage Veg (off) 


Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate) 


Ca ee 
Forward Transfer Admittance 
Output Admittance a 
xian Aaabie Power Gal| WAC 


f = 200 mHz 
“os = 15V 


Maximum Usable Power Gain 
ae 
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Maximum Ratings, Abso/ute-Maximum Values at Ta=25°C 


LEAD TEMPERATURE (During Soldering): 


= 25°C WITH BULK (SUBSTRATE) CONNECTED TO SOURCE 


TEST CON oT 


: err 
Small Signal Short-Circuit ; 
Input Capacitance Ciss 


Common Source Configuration 


Maximum Usable Power Gain 
(unneutralized) MUG 15 


Device Features: 

@ Low feedback capacitance - Coss = 0.25 pF typ. 

@ High forward transconductance - 94, = 7500 pmho typ. 
@ High vhf power gain - Gpg = 16 GB typ at 200 MHz 

® Low vhf noise figure - NF = 3.5 dB typ at 200 MHz 

® Exceptionally good cross-modulation characteristics 


Performance Features: 


® Large dynamic range 


otc aps +20 V © Greatly reduced spurious responses 
ree +20 V © Permits use of vacuum-tube biasing techniques 
© Excellent thermal stability 
ae +1. -8V © Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 
ee eae +15 V 
een Diets 50 mA 
eka OA 330 mW 


TERMINAL DIAGRAM 


. —65 to +175°C 
. —65 to +175°C V+ Drain 

2 - Source 

3 - Insulated Gate 


4 - Bulk (Substrate) 
and Case 


7500 


4000 


[fee 


0.4 +]7 7.3 


~~ 
— 
BR 


For characteristics curves, refer to types 3N128 and 3N143. 


MOS Silicon Tra nsisto S$ N-Channel Depletion Types 


For RF Amplifier and Mixer Applications 
in FM and AM/FM Receivers 


RCA-40468A and 405594 are silicon insulated-gate 
field-effect transistors of the n-channel depletion type 
utilizing the MOS* construction. They are intended 
primarily for use as the rf amplifier and mixer, respec- 
tively, in FM receivers covering the 88 to 108 MHz 
band, but can be used for general amplifier applications 
at frequencies up to 125 MHz. For circuit design and 
typical performance data refer to RCA Application Note 
AN3535 ‘‘An FM Tuner Using Single-Gate MOS Field- 
Effect Transistors as RF Amplifier and Mixer’’. 


The wide dynamic range of these transistors re- 
duces cross-modulation effects in AM receivers and 
minimizes the generation of spurious responses in 
FM receivers. 


Operating as a neutralized amplifier at 100 MHz, the 
40468A can provide a power gain of 17 dB (typ.). A 
power gain of 14 dB (typ.) can be realized without 
neutralization. 


Performance Features: 


© reduced spurious responses in FM tuners 
@ reverse bias on substrate improves linearity 
@ reduced cross-modulation effects in AM receivers 


Maximum Ratings, Absolute-Maximum Values at TA = 25°C: 


DRAIN-TO-SOURCE VOLTAGE, Vps.-.----- +20 Vv 
DRAIN-TO-GATE VOLTAGE, Vng +--+ es +20 Vv 
GATE-TO-SOURCE VOLTAGE, Vgs: 

CONTINUOUS (de) 2... ee ee ee ee +1, -8 Vv 

PEAK ac... 2 cee eee ee tt tee +15 Vv 
DRAIN CURRENT. Ip ...- eee eee ee ees 20 mA 
TRANSISTOR DISSIPATION: 

At ambient Ve to 25°C... ee ee ee 330 mW 

temperatures } above DC aaa derate at 2.2 mW/°C 
AMBIENT TEMPERATURE RANGE: 

Storage eo 8 eens eer PE ln wow -65 to +175 °C 

Operating ... 2... 2... eee ee ee eee -65 to +175 °C 


LEAD TEMPERATURE (During Soldering): 


At distances not closer than 1/32 inch to 7 
seating surface for 10 seconds maximum . 265 Cc 


* Metal-Oxide-Semiconductor. 


ELECTRICAL CHARACTERISTICS, at Ta = 25°C 
With Bulk (Substrate) Connected to Source Unless Otherwise Specified 


Characteristics : 
RF Amplifier 


Drain-to-Source Cutoff Current Ip(off) 


-}| Gate Leakage Current oss | 


Zero-Bias Drain Current Ipss 


Smal!-Signal, Short-Circuit ea 


Forward Transconductance 


Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate) 


a 

a 

[Fy 

<_< 
nn a |= = 
mn r=) o> 


Input Capacitance 


] 
nm 


Admittance 


a 
Input Admittance | Yis | 
Vie 


Forward Transfer Admittance Y 

, 
Forward Conversion Transconductance | gfs(c) 
Maximum Available Power Gain 100 


Maximum Usable Power Gain MUG 
(Unneutralized) 

Maximum Usable Power Gain MUG 100 
(Neutralized) 

Maximum Available Conversion MAGe fin = 100 | 
Gain fout = 10.7 

Noise Figure 


* Bulk (Substrate) -to-Source Volts (Vgs) = -3. 


< 
in 


_ 
oO 
a) 
= 
= 
N 


Output Admittance 


— 
a 
NO ™ 


=< 
N 


— 
aon 


_ —y 
nj on on 


— 


For characteristics curves, refer to types 3N128 and 3N143. 


TEST CONDITIONS LIMITS 
, symbols | Frequency | Drain-to- | Drain RCA-40468A 
Current 
f 


40468A, 40559A 


Device Features: 
© high forward transconductance - - 
gfs = 7500 umho typ. for 40468A 


® low feedback capacitance - - 
Crs, = 0.35 pF max. for 40468A 
0.38 pF max. for 40559A 


® high useful power gains - - 
neutralized - 17 dB typ. 
unneutralized - 14 dB typ. 


© hermetically sealed in TO-72 metal package 


TERMINAL DIAGRAM 


LEAD 1 - DRAIN 

LEAD 2 - SOURCE 

LEAD 3 - INSULATED GATE 

LEAD 4 - BULK (SUBSTRATE) AND CASE 


RCA-40559A 


aw] 


sis | elses] OE 


a] =| =) =/s/8] Ea 
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40600, 40601, 40602 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS 


N-Channel Depletion Types 
For VHF TV Receiver Applications 


RCA 40600, 40601, and 40602 are n-channel de- 
pletion type, dual-insulated-gate, field-effect transistors 
utilizing the MOS construction. These devices have char- 
acteristics which make them highly desirable for rf-ampli- 
fier applications (40600), mixer applications (40601), 
and first-if-amplifier applications (40602) in vhf TV re- 
ceivers and other types of commercial equipment oper- 
ating at frequencies up to approximately 250 MHz. 


These transistors feature a series arrangement of 
two separate channels, each channel having an inde- 
pendent control gate. In amplifier applications the 40600 
and 40602 with their wide dynamic range provide sub- 
stantially better cross-modulation performance than is 
obtainable with bipolar or single-gate field-effect tran- 
sistors. In mixer applications the 40601 provides ex- 
cellent isolation between the oscillator and rf signals 
because each of the two signal frequencies being mixed 
has its own control element. The wide dynamic range 
of the 40601 minimizes cross-modulation which is gener- 
ally encountered in mixer stages. 


Provision of two insulated gates also results in 
extremely low feedback capacitances (0.02 pF typ.), a 
feature which enables the 40600 and 40602 to provide 
high maximum useable power gains in unneutralized 
circuits — for example, 20 dB at 200 MHz typ* for the 


ELECTRICAL CHARACTERISTICS, at Ta = 25°C 


CHARACTERISTICS SYMBOLS 


Vea2s(off) 


Gate No.2-to-Source Cutoff Voltage 


Vels =0 


TYPICAL PERFORMANCE CHARACTERISTICS, at Ty = 25°C 


40600 40602 
RF AMPLIFIER 
f = 200 MHz f = 44 MHz 


CHARACTERISTICS 


SYMBOLS 


Ciss 


Output Capacitance Coss 


i 
peesearm | 
Transadmittance 


Maximum Usable Power Gain 
(Unneutralized) 


Power Gain 
See Fig.1 for measurement circuit 
Cr ce 


* Magnitude of forward conversion transadmittance 
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TEST CONDITIONS 


Vps = +15V, hp = 200 HA 


Vps = t13V, Ip = 10 mA 
Voe2s = +4V, f = 1 kHz 


VGIS is adjusted for Ip = 10 mA Raa name 750 mV 
Gate No.2 at AC Oe 1 potential Vos = = 15y 
VGis = 0. 75V 


Small-Signal, Short Circuit 0.02 typ. 
Reverse-Transfer Capacitance 0.0 
(Drain-to-Gate No.1) at f = 1 MHz 3 max. 


** Maximum available conversion gair 


40600, and 35 dB typ. at 44 MHz for the 40602. The 
gain of the rf and if stages can be controlled by apply- 
ing agc voltage to gate No.2 and agc delay is easily ob- 
tained. Virtually no agc power is required for full gain 
reduction. 


Types 40600, 40601, and 40602 are hermetically 
sealed in metal JEDEC TO-72 packages. 


APPLICATIONS 


e VHF TV Receiver 
40600 for rf amplifier applications 
40601 for mixer applications 
40602 for first-if-amplifier applications 


PERFORMANCE FEATURES 


© superior cross-modulation performance and greater 


dynamic range than bipolar and single-gate field-effect 
transistors 


@ permits use of vacuum-tube biasing techniques 


@ excellent thermal stability 


LIMITS 
40600, 40601, 40602 UNITS 


IF AMPLIFIER 
f = 200 MHz 


Local-oscillator injection 


0.02 typ. 
0.03 max. 


I Stage 28 
2 Stages 26 
3 Stages 24 


* Limited by practical design considerations 


DEVICE FEATURES 


@ extremely low feedback capacitance 
Crss = 0.02 pF typ. 

e high power gain 
MUG, = 20 dB typ. for 40600 
MAG 35 dB typ. for 40602 
MAG, = 14 dB typ. for 40601 


TERMINAL DIAGRAM 


lead 3 — Drain 

lead 2 -—— Gate No. 2 

lead 3— Gate No. 1 

lead 4~—— Source, Substrate and Case 


Maximum Ratings, Absolute-Maximum Values at Ta = 25°C: 


DRAIN-TO-SOURCE VOLTAGE, Vps..... 
GATE No.1-TO-SOURCE VOLTAGE, Vgis: 
Continuous (dc) 


0 to +20 Vv 


+1 to -8 Vv 


ed 


Peake Su. sete hee Raa ee aha ag B +20 to -8 Vv 
GATE No.2-TO-SOURCE VOLTAGE, Vq2s: 

Continuous (dc) .......... RE se Mean Sa -8 to 40% of Vps V 

Pe aiacs 5 sian steams tae Ae -8 to +20 Vv 
DRAIN-TO-GATE VOLTAGE, VpaG! or VpG2. +20 Vv 
DRAIN CURRENT, Ip (Pulsed): 

Pulse duration < 20 ms, 

duty factor Z 0. EIS es GaAs coeds 50 mA 
TRANSISTOR DISSIPATION, Pr: 

At ambient up to 25°C... 2.2.2... 400 mW 

temperatures eee 7 cg olen ae ey one derate ety at 


7 mW/°C 
AMBIENT TEMPERATURE RANGE: 


Storage and Operating ....-......... -65to +175 °C 
LEAD TEMPERATURE (During soldering): 


At distances > 1/32" from seating 
surface for 10 seconds max. ......... 265 °C 


Vacc or 


VCS -VEFS9R 


* Tubular ceramic. 
Y Disk ceramic. 


# Ferrite bead (¥4 used); Indiana General No. H1742C-(A-147) 
or F1157-1-H, or equivalent. 


C1, C2: 1.5-5 pF variable air capacitor: E. F. Johnson Type 160-109, 


or equivalent. 


C3: 1-10 pF piston-type variable air capacitor: JFD Type VAM-010, 


Johanson Type 4335, or equivalent. 


Cy: 0.3-3 pF piston-type variable air capacitor: Roanwell Type 


MH-13, or equivalent. 


Ly: 5 turns silver-plated 0.02" thick, 0. 07"- 0. 08" wide copper 


ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from C1 end 
of winding. 


Lo: Same as L) except winding length approx. 0.7". no tap. 


Fig.1 - 200 MHz Power Gain and Noise Figure Test Circuit 


for 40600 and 40602 


For characteristics curves, refer to type 3N140. 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS 


N-Channel Depletion Types 
For FM Tuner Applications 


RCA 40603 and 40604 are n-channe! silicon, deple- 
tion type, dual insulated-gate, field-effect transistors 
utilizing the MOS construction. 


These devices have exceptional characteristics for 
rf-amplifier (40603) and mixer applications (40604) in 
FM tuners and other commercial equipment operating 
at frequencies up to approximately 150 MHz. These tran- 
sistors feature a series arrangement of two separate 
channels, each channel having an independent control 
gate. For amplifier applications the 40603 with its wide 
dynamic range provides substantially better cross-modu- 
lation performance and relative freedom from spurious 
responses than is obtainable with bipolar or single-gate 
field-effect transistors. The mixing function performed 
by the 40604 is unique in that the signal applied to gate 
No.2 is used to modulate the input-gate (gate No.1) 
transfer characteristic. This technique is superior to 
conventional ‘‘square law’’ mixing, which can only be 
accomplished in the non-linear region of the device trans- 
fer characteristic. 

Because of the low feedback capacitance (0.02 typ. 
pF) the 40603 can provide a power gain of 25 dB (typ.) 
at 100 MHz in an unneutralized amplifier circuit. 

The gain of the rf stage can be controlled by apply- 
ing age voltage to gate No.2. Virtually no agc power is 
required for full gain reduction. 

The 40603 and 40604 are hermetically sealed in 
JEDEC TO-72 packages. 


ELECTRICAL CHARACTERISTICS, at T, = 25°C 


CHARACTERISTICS 


Gate No.1-to-Source Cutoff 
Voltage 


Gate No.2-to-Source Cutoff 


V off 
Voltage Gastoff) 


Gate No.1 Leakage Current IG1SS 
Gate No.2 Leakage Current 1G2s5 


Smali-Signal, Short-Circuit 
Reverse-Transfer Capacitance 


(Drain-to-Gate-No. 1) Vaas = 4 V 


Input Capacitance 
each Vgos = MV, f= 


Output Capacitance 


Input Resistance 


Vps = +13V 
Output Resistance Ip ~ 10mA 
VG2s = +4V 


Forward Transconductance 


Maximum Available Power Gain Vos = +13 V, Vs Ip 


Maximum Uaable Power Gain 
(Unneutratized) 


* conversion transconductance 


PN , : 
4 or limited a design considerations 


ae V, Ip = 200 nA 


Vols = -20 V, | vols = -20V, Ve2s=9,Vps=0 0, Vos = 
Vg25 = = -20 V, Veis = 9, Vps = 0 


Zero-Bias-Voltage Drain Current | pss | VG2s = *4V, Veis = 0, Vos = +13 V 


Vos = +13 V, Ip = 10 mA, f = 1 MHz 


Vos = +13 V, Ip = 10 mA 


1 MHz 


Maximum Ratings, Absolute-Maximum Values at Ta = 25°C: 


DRAIN-TO-SOURCE VOLTAGE, Vps.... 
GATE No.1-TO-SOURCE VOLTAGE, Vais: 
Continuous (dc)... .....2- 02 ee ee 


0 to +20 Vv 


-8 to +1 Vv 


PG akae: faci i ee hi eps A Se ee A -8 to +20 Vv 
GATE No. 2-TO-SOURCE VOLTAGE, Vqp2s: 

Continuous (dc) .........00. 00008 -8 to 40% of Vps V 

Peak::AC anise 60 od Ps we Ryo eas -8 to +20 Vv 
DRAIN-TO-GATE VOLTAGE, 

VNGL OF VIG! sss oe dee SS oe ee +20 Vv 
DRAIN CURRENT, Ip (Pulsed): 

Pulse duration < 20 ms, 

duty factor 20.15. ..........0004. 50 mA 
TRANSISTOR DISSIPATION, Pr: 

At ambient up to 25°C ......... 400 mW 

temperatures § above 25°C ......... derate linearly at 


2.67 mW/°C 
AMBIENT TEMPERATURE RANGE: 


Storage and Operating ............ 
LEAD TEMPERATURE (During soldering): 


At distances > 1/32" from seating re 
surface for 10 seconds max. ........ 265 Cc 


-65 to +175 °C 


LIMITS 


40603 40604 
RF AMPLIFIER MIXER UNITS 


ae : 
< 
hs 


a) 
> 


-_ 
foo} 


=) 
2° 
NR 
= 
o 
a 
2 
— 


Vos = 113 V, Ip = 
Ve2s = +4 V, f = 100 MHz 


10 mA 


Vos = +13 V, Ip = 10 mA 
Vg2s5 = 4 V,f = 100 MHz 


= 100 MHz 
f = 10.7MHz 


Vos = +13 V, Ip = 10 mA 
Vg2s = +4 V, f= 1 kHz 


10 mA 


Vv 
MUG Ges 
f = 100 ie fout for 40604 


(mixer) = 10.7 MHz 


ao] ao) 
mn mn 


pmho 


40603, 40604 


PERFORMANCE FEATURES 


@ large dynamic range permits large-signal handling be- 
fore overload 


e@ dual gates allow product mixing with extremely low 
harmonic generation 


@ greatly reduces spurious responses in FM receivers 
@ permits use of vacuum-tube biasing techniques 
@ excellent thermal stability 


@ superior cross -modulation performance and greater dy- 
namic range than bipolar and single-gate field-effect 
transistors 


DEVICE FEATURES 


@ extremely low feedback capacitance 


C55 = 0.02 pF typ. 


@ high unneutralized RF power gain 
MUG = 25 dB (typ.) for 40603 


@ low noise figure 


NF = 2.5 dB typ. for 40603 


TERMINAL DIAGRAM 


lead 1 — Drain 

leod 2 — Gate No. 2 

leod 3— Gate No. 1! 

lead 4— Source, Substrate and Case 


For characteristics curves, refer to type 3N140. 


465 


40673 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTOR 


N-Channel Depletion Type With Integrated 
Gate Protection Circuits — 
For RF Amplifier Applications up to 400 


RCA-40673 is an n-channel silicon, depletion type, dual 
insulated-gate field-effect transistor. 


Special back-to-back diodes are diffused directly into the 
MOS* pellet and are electrically connected between each 
insulated gate and the FET’s source. The diodes effectively 
bypass any voltage transients which exceed approximately 
+10 volts. This protects the gates against damage in all 
normal handling and usage. 


A feature of the back-to-back diode configuration is that it 
allows the 40673 to retain the wide input signal dynamic 
range inherent in the MOSFET. In addition, the low junction , 
capacitance of these diodes adds little to the total 
capacitance shunting the signal gate. 


The excellent overall performance characteristics of the 
RCA-40673 make it useful for a wide variety of rf-amplifier 
applications at frequencies up to 400 MHz. The two 
serially-connected channels with independent control gates 
make possible a greater dynamic range and lower cross— 
modulation than is normally achieved using devices having 
only a single control element. 


The two gate arrangement of the 40673 also makes possible a 
desirable reduction in feedback capacitance by operating in 


the common-source configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without neutralization; and, of special im- 
portance in rf-amplifiers, it reduces local oscillator 
feedthrough to the antenna. 


The 40673 is hermetically sealed in the metal JEDEC TO-72 
package. 


*Metal-Oxide-Semiconductor. 


Maximum Ratings, Absolute-Maximum Values, at T4 = 25°C 


DRAIN-TO-SOURCE VOLTAGE, Vps.... -0.2 to +20 V 
GATE No.1-TO-SOURCE VOLTAGE, Ve1s: 

Continuous (dc) ...............-0-- 6 to +1 Vv 

PORK. B65 obi Sie einc Bleed elses ts Sie ate 8 6 to +6 Vv 
GATE No.2-TO-SOURCE VOLTAGE, VeGQs: 

Continuous (dc)..............-.- 6 to 30% of Vos Vv 

BOK BO oasis bee ee see eae ee 6 to +6 Vv 
DRAIN-TO-GATE VOLTAGE, 

VpG19OR VpG2 .............. +20 v 
DRAIN CURRENT, Ip ............ 50 mA 
TRANSISTOR DISSIPATION, Pr: 

Atambient J upto25°C ..... 330 mw 

temperatures § above 25°C ..... derate linearly at 

2.2 mW/°C 
AMBIENT TEMPERATURE RANGE: 

Storage and Operating .......... -65 to +175 oc 
LEAD TEMPERATURE (During soldering): 

At distances_> 1/32 inch from 

seating surface for 10 seconds max. 265 oc 


ELECTRICAL CHARACTERISTICS, at Tg = 25°C unless otherwise specified 


CHARACTERISTICS 
Gate-No. 1-to-Source Cutoff Voltage VG1S(off) 


Gate-No.1-Leakage Current tows 
Gate-No.2-Leakage Current cass | 
Forward Transconductance 

(Gate-No. 1-to-Drain) 


Zero-Bias Drain Current 
Smali-Signal, Short-Circuit Input C. 
Capacitance t ' 
Smaill-Signal, Short-Circuit, 


Reverse Transfer Capacitance 


Crss 
(Drain-to-Gate No.1) 


ss 

Small-Signal, Short-Circuit Output 
Capacitance $s 
SS 


Power Gain (see Fig. 1) lGps | 
Maximum Available Power Gain PMaAG 


Maximum Usable Power Gain 
(unneutralized) 


Noise Figure (see Fig. 1) 


Magnitude of Forward Transadmittance lY¢l 
Phase Angle of Forward Trans- 
admittance 


0 
input Resistance 
CL a Ce 
Protective Diode Knee Voltage Vinee 


*Limited only by practical design considerations. 
tcapacitance between Gate No. 1 and all other terminals 


C 
r 
r 


SYMBOLS TEST CONDITIONS — 


Vos = +15V, tp = 200A 
Vegas = t4V 


Vos = +15V, Ip = 200 
Gate-No.2-to-Source Cutoff Voltage VG2S(off) Were =0 p ” 


V61s = +1 or-6V 
Vos = 9, Veas = 9 


VG@as = *6V 
Vos = 9. Ve1s = 0 


Vps = +15V, Ip = 10mA 
VGas = +4V,f = IkHz 


Vos = +15V, Ip = 10mA 
VG2s = t4V, f=1MHz 


Vps = +15V, Ip = 10mA 
Voas = +4V, f = 200 MHz 


IDIODE(REVERSE)=+100),A 


) 


LIMi 
UNITS 


pmho 


umho 


sfslae|alsls |ele]s | [ofa | = |) eA 


éThree-terminal measurement with Gate No. 2 and Source returned to guard terminal. 
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For characteristics curves, refer to type 3N187. 


APPLICATIONS 


e RF amplifier, mixer, and IF amplifier 
in military, industrial, and consumer 
communications equipment 


@ aircraft and marine vehicular receivers 
e@ CATV and MATV equipment 


@ telemetry and multiplex equipment 


PERFORMANCE FEATURES 


@ superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET s 


@ wide dynamic range permits large-signal handling 
before overload 


e@ dual-gate permits simplified age circuitry 

@ virtually no agc power requirea 

@ greatly reduces spurious responses in fm receivers 
® permits use of vacuum-tube biasing techniques 


@ excellent thermal stability 


DEVICE FEATURES 


e back-to-back diodes protect each gate against 
handling and in-circuit transients 


@ low gate leakage currents —-— 
Igiss & IGass = 20 nA(max.) at Ta = 25°C 


e high forward transconductance 
Qf; = 12,000 umho (typ.) 


e high unneutralized RF power gain 
Gps = 18 dB(typ.) at 200 MHz 


@ low VHF noise figure ——— 3.5 dB(typ.) at 200 MHz 


TERMINAL DIAGRAM 


LEAD 1-DRAIN 

LEAD 2-GATE No. 2 

LEAD 3-GATE No. 1 

LEAD 4-SOURCE, SUBSTRATE 
AND CASE 


{OHMITE TYPE 
, 2235 OR EQUIV.) 


15V 
92SS-4086 


#Ferrite bead (4); Pyroferric Co, “Carbonyl J" 
0.09 in. OD; 0.03 in. ID; 0.063 in, thickness, 


All resistors in ohms 
All capacitors in pF 


Cj: 1.8- 8.7 pF variable air capacitor; E.F. Johnson Type 160-104, 
or equivalent, ; 


Cy: 1.5-5pF variable air capacitor: E.F. Johnson Type 160-102, 
or equivalent, ; 

C3: 1- 10pF piston-type variable air capacitor: JFD Type VAM-010; 
Johanson Type 4335, or equivalent. 

C4: 0.8- 4.5 pF piston type variable air capacitor:Erie 560-013 or 

"equivalent. 


Ly: 4 tums silver-plated 0.02-in. thick,0.075-0.085-in. wide, copper 
ribbon, Internal! diameter of winding = 0.25 in, winding length 
approx. 0.80 in. 


Lo: 4% turns silver-plated 0.02-in. thick, 0.085-0.095-in. wide, 5/16-in, 
ID. Coil = .90in. long. 
Fig. 1. 200MHz Power gain and noise- 
figure test circuit 


Q = 40673 
¥ Disc ceramic, 
*Tubular ceramic. 


Silicon Dual-Insulated-Gate Field-Effect Transistor 


N-Channel Depletion Type 
With Integrated Gate-Protection Circuits 
For RF Amplifier Applications up to 250 MHz 


RCA-40819 is an n-channel silicon, depletion type, dual in- 
sulated-gate field-effect transistor (FET). 


The excellent overall performance characteristics of the 
RCA-40819 make it useful for a wide variety of rf-amplifier 
applications at frequencies up to 250 MHz. The two serially- 
connected channels with independent control gates make 
possible a greater dynamic range and lower cross-modula- 
tion than is normally achieved using devices having only a 
single control element. 


ELECTRICAL CHARACTERISTICS, at Ta = 25° C unless otherwise specified 


CHARACTERISTICS 


Vos =+15V, lp =10mA 
VG2s = 


Small-Signal, Short-Circuit, 
Reverse Transfer Capacitance 
(Drain-to-Gate No.1) 


Maximum Usable Power Gain (unneutralized) 


Noise Figure (see Fig. 1) 
Magnitude of Forward Transadmittance 1Y ¢sl 


Phase Angle of Forward Transadmittance 
Input Resistance 

Output Resistance 

Protective Diode Knee Voltage 


* Limited on!y by practical design considerations. 


Vos = +15 V, Ip = 10 mA 
VG2s = 


Vos=tt5 V, Ip = 10mA 
VG2s = 


The two-gate arrangement of the 40819 also makes possible 
a desirable reduction in feedback capacitance by operating 
in the common-source configuration and ac grounding Gate 
No.2. The reduced capacitance allows operation at maxi- 
mum gain without neutralization and reduces local oscillator 
feedthrough to the antenna — features of special importance 
in rf and if amplifiers. 


Special back-to-back diodes are diffused directly into the 
MOS pellet and are electrically connected between each 
insulated gate and the FET’s source. The diodes effectively 
bypass any voltage transients which exceed approximately 
+10 volts and protect the gates against damage in all normal 
handling and usage. 


an 
oO 


+4V,f = 1kHz 


Ww 
on 


nm 


+4.V,f= 1MHz 


nm 


+4V,f= 200 MHz 


Ky 
oO | O 


oO o 


t Capacitance between Gate No.1 and all other terminals. 


6 Three-terminal measurement with Gate No.2 and Source returned to guard terminal. 


#F errite bead (4); Pyroferric Co. 
“Carbony! J’ 0.09 in OD; 0.03 
in ID; 0.063 in thickness. ° 


All resistors in ohms 


— — — —_— a “4 


reais Say pa 
EXTERNAL SHIELD ~ \ 


C1: 


C2? 


C3: 


}, 2235 OR EQUIV.) 


C4: 


T1000” 
Yoo : 
is Ly: 


9205-17497 


La: 


Fig. 


Q = 40673 
Vv Disc ceramic. 
* Tubular ceramic. 


All capacitors in pF 


1.8 — 8.7 pF variable air capacitor: E. F. Johnson 
Type 160-104, or equivalent. 

1.5 — 5 pF variable air capacitor: £. F. Johnson Type 
160-102, or equivalent. 

1 — 10 pF piston-type variable air capacitor: JFD 
Type VAM-010; Johanson Type 4335, or equivalent. 

0.8 — 4.5 pF piston type variable air capacitor: Erie 
560-013 or equivalent. 

4 turns silver-plated 0.02-in thick, 0.075-0.085 in 
wide, copper ribbon. Internal diameter of winding = 
0.25 in, winding length approx. 0.80 in. 


4-1/2 turns silver-plated 0.02 in thick, 0.085-0.095- 
in wide, 5/16-in; ID Coil = .90 in long. 


1. 200 MHz power gain and noise figure test circuit 


For characteristics curves, refer to type 3N187. 


40819 


The back-to-back diode configuration permits the 40819 to 
retain the wide input signal dynamic range inherent in the 
MOSFET. In addition, the low junction capacitance of these 
diodes adds little to the total capacitance shunting the signal 
gate. 


The 25-volt drain-to-source rating permits the use of higher 
voltage power supplies. 


The 40819 is hermtically sealed in the metal JEDEC TO-72 
package. 


TERMINAL DIAGRAM 


LEAD 1- DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.1 
LEAD 4 - SOURCE, 


SUBSTRATE, AND CASE 


Device Features 

® back-to-back diodes protect each gate against handling and 
in-circuit transients 

= high forward transconductance: gf, = 12,000 umho (typ.) 

# high unneutralized RF power gain: Gps = 18 dB (typ.) at 

200 MHz 

low VHF noise figure: 3.5 dB (typ.) at 200 MHz 

low gate leakage currents: IG1ss & !G2ss = 50 nA at Ta = 259 C 

increased drain-to-source voltage rating: Vps = —0.2 to +25 V 


Performance Features 


s superior cross-modulation performance and greater 
dynamic range than bipolar or. single-gate FET s 


= wide dynamic range permits large-signal handling before 
overload 


virtually no age power required 
greatly reduces spurious responses in FM receivers 
dual gate permits simplified AGC circuitry 


Applications 

= RF amplifier, mixer, and IF amplifier in military, 
industrial, and consumer communications equipment 

@ aircraft and marine vehicular receivers 

@ CATV and MATV equipment 

® telemetry and multiplex equipment 


Absolute Maximum Values, at Tq = 25°C: 
a et ee a ee 


Drain-to-Source Voltage, Vps..... —0.2 to +25 Vv 
Gate Terminal Current, 

IG1§ OF IGIS.. 6. eee eee +100 UA 
Drain-to-Gate Voltage, 

VpG1 OF VpoG2... 6... eee. +31 Vv 
Drain Current, Ip............... 50 mA 
Transistor Dissipation, Py: 

AtTa upto 28°C .......... 330 mw 


At Tp above 25°C 
Ambient Temperature Range: 


derate linearly 2.2 mW/°C 


Operating and Storage ........ —~65 to +175 °C 
Lead Temperature (During Soldering): 

At distances 1/32 in from seating 

surface for 10s max. ......... 265 oC 


Maximum Ratings 


Continuous Working Voltage*, at TA = 25°C: 


Gate No.1-to-Source Voltage, VGig .. —6to+3 Vv 
Gate No.2-to-Source Voltage, Vag .. —6 to +6or Vv 
40% of Vos 


(whichever value is tess) 
Drain-to-Gate Voitage, VpG 4 or 


VOG2) hii ade hex va ants +25 Vv 


Continuous Working Voltage Ratings must be observe w maintain 
device characteristics. These ratings are based on long-term con- 
tinuous voltage operation but may be exceeded for short durations 
(e.g. testing of device characteristics}, provided the absolute Maxi- 
mum Ratings are not exceeded. 


a OS 


40820, 40821 


Silicon Dual-iInsulated-Gate Field-Effect Transistors 


N-Channel Depletion Types 
Device Features 


With Integrated Gate-Protection Circuits ® back-to-back diodes protect each gate against handling and in-circuit transients 
For VHF-TV Tuner Applications = high forward transconductance: gg, = 12,000 umho (typ.) 

® high unneutralized RF power gain: Gps = 17 dB (typ.) at 200 MHz (40820) 

@ low VHF noise figure: 3.5 dB (typ.) at 200 MHz (40820) 

® low gate leakage currents: Iqyog & IGagg = 50 nA 


40820 — RF Amplifier 40821 — Mixer 


RCA-40820 and 40821 are n-channel silicon, depletion type, Performance Features 
dual-insulated-gate, MOS4 field-effect transistors for RF = ; ile F 
amplifier (40820) and mixer (40821) 3 superior cross-modulation performance and greater 


applications in 4 ; h : i e 
VHF-TV_ receivers and other commercial equipment ynamic range than bipolar or single-gate FET s 


operating at frequencies up to 250 MHz. ® wide dynamic range permits targe-signal handling 
These devices designed for VHF performance, provide before overload TERMINAL DIAGRAM 
excellent power gain, low-noise figures and have wide ® virtually no agc power required 


LEAD 1 — DRAIN 

LEAD 2 — GATE No.2 

LEAD 3 — GATE No.1 

LEAD 4 —- SOURCE, SUBSTRATE, AND CASE 


dynamic range. The dual-gate feature offers good cross- a 
modulation performance over the AGC range and reduces 
feedback capacitance by shielding Gate No. 1 from the drain. 


dual gate permits simplified AGC circuitry 


The very low feedback capacitance also eliminates the need 
for circuit neutralization and reduces local oscillator feed- 
through to the antenna. 


Virtually no AGC power is required because of the high gate 
input resistance of the MOS FET types. Automatic AGC 
delay can be achieved with a very slight change in the input 
impedance by the application of AGC voltage to Gate No. 2. 


The dual-gate arrangement also makes it possible to isolate 
the local oscillator signal from the incoming signal by 
applying each signal to a separate gate. 


integral back-to-back diodes protect the gates against damage 
in normal handling and usage by limiting transient voltages 
that exceed +10 volts. The 40820 and 40821 are hermeti- 
cally sealed in metal JEDEC TO-72 packages. 


4 Metal-Oxide-Semiconductor. 


Maximum Ratings 


Continuous Working Voltage*. at Ty = 25°C: oe aceet 
Gate No. 1-to-Source Voltage, VG1g o.oo... eee —6 to +3 —4,5 to +3 Vv 
Gate No. 2-to-Source Voltage, Vggg ......----- -6 to +6 or 40% of Vong | -4.5 to +4.5 or -4.5 to 40% of Vos V 
(whichever value is less) (whichever value is less) 
Drain-to-Gate Voltage, Vpg 1 Or VpGa-.-- eee eee ee eee * +20 +20 V 
Absolute Maximum Values, at Tq = 25°C: 
Drain-to-Source Voltage, Vpg .. 2.2.6... cece eee eee —0.2 to +20 —0.2 to +20 Vv 
Gate Terminal Current, !Gys or IGag ..-- ee eee eee ee +100 +100 pA 
Drain-to-Gate Voltage, Vpg 1 Or VpG2 «--- +e eee ee eee +26 +245 Vv 
Drain Current, lip 1: ssccea minder fc ee eee a ae ee wales 50 50 mA 
Transistor Dissipation: 
ALTA Upto 26.0" ei couuwiunnadas himes estes eek 330 330 mw 
ALT n-ab0ve 25 -C. vahccicte a ooreylvavaes te derate linearly 2.2 mW/°C 
Ambient Temperature Range: 
Operating and Storage ..............0 002 ee eee —65 to +175 —65 to +175 °C 


Lead Temperature (During Soldering): 


At distances 1/32 in from seating 
surface for 10s max. ........ 0.00 cee eee eee 265 265 2G 


* Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings are 
not exceeded. 


Q = 40821 
VY Disc. ceramic. 
* Tubular ceramic. 


bet ee eae ~d All resistors in ohms 
Wo | aT 6, 7 Ail capacitors in pF 
44 (9A IO Ea eEe-ea-e +r eer . 
ona 1000 7 C1, C2: 1.5--5 pF variable air capacitor: E.F. Johnson Type 


160-102 or equivalent. 
1-10 pF piston-type variable air capacitor: JFD Type 
VAM.-_010, Johanson Type 4335, or equivalent. 


: 0.9—7 pF compression-type capacitor: ARCO 400 
or equivalent. 


5 turns silver-plated 0.02” thick, 0.07'’—0.08” wide 
copper ribbon. Internal diameter of winding = 
0.25"; winding length approx. 0.65’. Tapped at 
1-1/2 turns from Cz end of winding. 

: Ohmite Z-235 RF choke or equivalent 

: J. W: Miller Co. #4580 0.1 wH RF choke or 
equivalent. 


If 502 meter is used in place of sweep detector, a 


+15V low pass filter must be provided to eliminate local 
92CS-17466 oscillator voltage from load. 
Fig.1 — Conversion power gain test circuit for type 40821. For characteristics curves, refer to type 3N187. 
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40820, 40821 


ELECTRICAL CHARACTERISTICS at Tp = 25°C 


LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Gate No. 1 to Source Cutoff Voltage VG1Stotf) Vos* +15V,ip=200KA,VGas5= +4V 
Gate No 2 to Source Cutoff Voltage VG2Stoff) Vps™ +15V,lp=200KA,VGg4s5=0 


Gate to Source Forward Breakdown Voltage 
Gate No 1 | Vigr)G1SSF 
Gate No 2 | VigriG2ssF 


Gate to Source Reverse Breakdown Voltage 
Gate No 1 | VigR)GISSR 


Gate No 2 | Vigr)G2ssR 


Gate No 1 Terminal Reverse Current lG1ssr 
Gate No 2 Terminal Forward Current 1G2SSF Vos Vois 9 
Gate No 2-Terminal Reverse Current IG2ssr Vos Vois 9 
VG2s 45V 
Zero-Bias Drain Current ios | Yo ‘15 V,VG1s OVG25 
Forward Transconductance { VkHe 
(Gate No. 1-to-Drain)_ s 
Small Signal, Short civeuit Input Capacitance® 
Small-Signal, Short-Circuit, Reverse Transfer 
Capacitance (Drain to Gate No 1)6 Criss 
Small Signal, Short Circuit Output Capacitance 


Power Gain (see Fig. 6) 
Noise Figure (see Fig. 6) 
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Conversion Gain f 200/44 MH- 
@ Capacitance between Gate No 1 and all other terminals 6 Three terminal measurement with Gate No 2 and Source returned to quard terminal. 
ee en eet ee Pe LG tow Pe ca ge, aie Fal 
| EXTERNAL SHIELD ~ Bas ! 
cp ROGr = 410 TBNy Mali C4 OUTPUT Ferrite bead (4); Pyroferric Co. Q = 40820 
7 “Carbonyl J’’ 0.09 in OD; 0.03 ¥ Disc ceramic. 
in ID. 0.063 in thickness. " Tubular ceramic. 


All resistors in ohms 

All capacitors in pF 

C1: 1.8 — 8.7 pF variable air capacitor: E. F. Johnson 

, Type 160-104, or equivalent. 

C2: 1.5 — 5 pF variable air capacitor: E. F. Johnson Type 
160-102, or equivalent. 

C3: 1 — 10 pF piston-type variable air capacitor: JFD 
Type VAM-010; Johanson Type 4335, or equivalent. 


Cq: 08 — 4.5 pF piston type variable air capacitor: Erie 
560-013 or equivalent. 


Ly: 4 turns silver-plated 0.02-in thick, 0.075-0.085 in 
(OHMITE TYPE wide, copper ribbon. Internal diameter of winding = 
Z235 OR EQUIV.) 0.25 in, winding length approx. 0.80 in. 


Sie ae) 
—2 L2: 4-1/2 turns silver-plated 0.02 in thick, 0.085-0.095 
1000 in wide, 5/16-in,; 1D Coil * 0.90 in. long. 


Yop 
ISV 
Fig.2 - 200 MHz power gain and noise figure test circuit for type 40820. 


92CS-17465 


Table 1 — y parameters vs. frequency 


| FREQUENCY (MHz) 
CHARACTERISTICS SYMBOL UNITS 
50_| 100 | 200 | 250 | 


Y Parameters 
Input Conductance 


Input Susceptance 
Magnitude Forward Transadmittance 
Angle of Forward Transadmittance 


Output Conductance 


Output Susceptance 


Magnitude of Reverse Transadmittance 


Angle of Reverse Transadmittance 
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40822 - 40823 


Silicon Dualk-Insulated- Gate Field-Effect Transistors 
N-Channel Depletion Types 


With Integrated Gate-Protection Circuits back-to-back diodes protect each gate against handling and in-circuit transients 


a 
For FM Tuner Applications = high forward transconductance: g¢, = 12,000 jzmho (typ.) 
40822 — RF Amplifier 40823 — Mixer ® high unneutralized RF power gain: G.,. = 24 dB (typ.) at 100 MHz (40822) 
a 
- 


Device Features 


low VHF noise figure: 2dB (typ.) at 100 MHz (40822) 


RCA-40822 and 40823 are n-channel silicon, depletion type, Performance Features low gate leakage currents: IG455 & IGagg = 50 nA at Tp = 25°C 


dual-insulated-gate, field-effect transistors for RF amplifier 


a i 7 lati f and greater 
(40822) and mixer (40823) applications in FM receivers and Superior cross modulation performance 20d: 


: : : : i han bipolar or single-gate FET’s 
other commercial equipment operating at frequencies up to eynamie a ee : ‘ dae be : ree AD Cq 
E = wide dynamic range permits large-signal handling 
150 MHz. 
before overload 
These devices designed for VHF performance, provide ® virtually no agc power required 
excellent power gain, low-noise figures and have wide ™ greatly reduces spurious responses in FM receivers 


. dynamic range. The dual-gate feature offers good cross- 


® dual gate permits simplified AGC circuitry 
modulation performance over the AGC range and reduces 


feedback capacitance by shielding Gate No. 1 from the drain. arrangement also makes it possible to isolate the local 
The very low feedback capacitance also eliminates the need oscillator signal from the incoming signal by applying each 
for circuit neutralization and reduces focal oscillator feed- signal to a specific gate. 


through to the antenna. Back-to-back diodes, diffused directly into the MOS pellet, 


Virtually no power is required in AGC utilizing the 40822 protect the gates against damage in normal handling and 
and 40823. In addition, these devices minimize input usage by limiting transient voltages that exceed +10 volts. 
impedance variations and automatically achieve AGC delay The 40822 and 40823 are hermetically sealed in metal 
when AGC is applied to Gate No. 2. The dual-gate JEDEC TO-72 packages. 
Maximum Ratings 
Continuous Working Voltage*, at Ta = 25°C: mope a3 
Gate No. 1-to-Source Voltage, VGig 20. 6 to +3 -4.5 to +3 Vv 
m 92CS-17462 
Gate No. 2-to-Source Voltage, Vaa5 ........... 6 to +6 or 40% of Vos -4.5 to +4.5 or 40% of Vbs Vv (318 GE warable-dineapaditer EF JoKraon awae 160-102.6% 
(whichever value is less) (whichever value is less) 
Drain-to-Gate Voltage, VpGq or Vpqg. +--+... eee eee es +20 +20 Vv equivalent; 
Absolute Maximum Values, at Tq = 25°C: 2.7-19.6 pF variable air capacitor: E.F. Johnson Type 
iat a dc St. Wc 160-110 or equivalent. 
Drain-to-Source Voltage, Vps ..... re er ere err —0.2 to +18 —0.2 to +18 Vv 80 pF max. compression-type capacitor: Arco 405 or 
Gate Terminal Current, Igjg or IGgg ... 6. eee eee eee eee +100 +100 HA equivalent 
Drain-to-Gate Voltage, VoGq1 Or VpG2 -- eee eee eee +24 +22.5 Vv 8 turns No. 22 wire on 1/4 diameter air core. One turn 
Drain Current, liye: cé ax deco wihs sean pan see ewe dee bes 50 50 mA spacing between windings. Tapped at one turn from low end. 
Transistor Dissipation: 37 turns No. 34 wire on 3/16” diameter air core. Unloaded Q 
PCa: G7 |: 2 CR NO Oe eR eae ee RR 330 330 mW = 63 
AUT , above 96 Glade ts ccta tev i trees tax derate linearly 2.2 mw/°C 408 23. 
Ambient Temperature Range: Fig.1 - 100/10.7-MHz conversion power gain test circuit 
Operating and Storage .............. 000 cee eee —65 to +175 —65 to +175 a for type 40823. 
Lead Temperature (During Soldering): LOCAL OSCILLATOR 
At distances 1/32 in from seating : ev RMS 5600 l000pF =| SS—<CSsS 7 
surface for 10s max. oo... . cece ec ee eee 265 265 Cc Mhz ouesor 
033 pH &) 10.7 


# Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings are | 
not exceeded. 

| 
| 
{ 


. 1000 i 
CHARACTERISTICS SYMBOLS TEST CONDITIONS eee pF db Co: 
: MHz e 


Gate No. 1-to-Source Cutoff Voltage Veisiotty | Vos™ +15V,!p=200HA,VGas= +4 | C3: 
Gate No. 2-to-Source Cutoff Voltage VG2Sioff) Vos +15V,1p=200LA, Vg is5=0 ee 
Gate-to-Source Forward Breakdown Voltage: [; tee . 
Gate No. 1 | Vig l 
l EXTERN Lo: 
Gate No. 2 V(BR)G2SSF = SHIELD 
= Q: 


Gate No. 2 | VigR)G2ssR 


: | 
ed 
Pate Mori iereninay Romane Current C1,C2: 1.3-5.4 pF variable air capacitor oa 
C3: 1-10 pF variable air capacitor, piston type: 


Johanson Co., No. 4335 
Cq: 1-15 pF variable air capacitor, precision piston type: 
Roanwell Corp. $G11129/AG 
Ly,L9: 0.22 UH RF choke (7T): Miller, No. 4584 


'G2ssF Vos = Ve1s = 9 
VG2S =-6V *Ferramic toroid (1/2 used): Indiana General, 

J V =V =0 

G2SSR ps * Vis Vans = 45 V No. CF101-(0-6) 


Vos = +15 V, Ves = 0,Vgag = +4 V Fig.2 - 100-MHz power gain and noise figure test circuit 
for type 40822. 
TERMINAL DIAGRAM 


Smail-Signal, Short-Circuit Input Capacitance t | C;,, 


R)G1SSF 
Gate-to-Source Reverse Breakdown Voltage: 
Gate No. 1 | Vigr)G1SsR 
S 


Small-Signal, Short-Circuit, Reverse Transfer Vac =+15V 
Capacitance (Drain-to-Gate-No. 1)@ DS 


Ip =10mA 
Vo2s=t4V 
f= 100MHz 
Conversion Gain IGpsie) f = 100 to 10.7MH 


t Capacitance between Gate No. 1 and ali other terminals. 6 Three-terminal measurement with Gate No. 2 and Source returned to guard terminal. 


LEAD 1 — DRAIN 

LEAD 2 — GATE No.2 

LEAD 3 — GATE No.1 

LEAD 4 — SOURCE, SUBSTRATE AND CASE 


For characteristics curves, refer to type 3N187. 
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Silicon Dual-insulated Gate Field- Effect Transistor 


N-Channel Depletion Type 


With Integrated Gate-Protection Circuits 


General-Purpose Economy Type for Applications 
from DC to 500 MHz 


RCA-40841 is an n-channel silicon, depletion type, dual- 
insulated gate, field-effect transistor intended for general- 
purpose applications from DC to frequencies up to 500 MHz. 


This MOS/FET provides excellent power gain, tinear-circuit 
operation and has a wide dynamic operating range. Its 
square-law characteristics result in low cross-modulation 
performance over the AGC range. Its dual-gate construction 
reduces feedback capacitance by shielding Gate No. 1 from 
the drain, and makes it possible to isolate the local oscillator 
signal from the incoming signal by applying the two signals 
to separate gates. The very low feedback capacitance of this 
device eliminates the need for neutralization in circuits using 
the dual-gate configuration. Use of the device in the RF 
input stage of a receiver reduces local oscillator feed-through 
to the antenna. The 40841 requires negligible AGC power, 
provides automatic delay when AGC is applied to Gate No. 
2, and exhibits slight input impedance variations during AGC 
functioning. The device has exceptionally high input im- 
pedance, an attribute for timing-circuit design. 


Back-to-back diodes are fabricated on the same monolithic 
silicon pellet as the MOS/FET to protect the gates against 
damage due to electrostatic charges frequently encountered 
during normal handling. These back-to-back diodes also 
function as ‘‘transient trappers’’ by limiting in-circuit 
transient voltages that exceed +10 volts. 


Maximum ratings and electrical characteristics are included in — 
the data for operation of the 40841 as the equivalent of a 
single-gate device. For single-gate operation, connect Gate 
No. 1 (Term. 2) to Gate No. 2 (Term. 3), as shown in the 
Terminal Diagrams on Page 2. The 40841 MOS/FET is 
hermetically sealed in the meta! JEDEC TO-72 package. 


Maximum Ratings 


Absolute Maximum Values, at T 4 = 25°C: 


Drain-to-Source Voltage, VDS .... 0... cece eee eee eens 
Gate Terminal Current, 1G1S Or IG2S) ow. ee eee 
Gate Terminal Current, IGS ........ 0.0. cece eee Sei salle Baht 
Drain-to-Gate Voltage, VpGi Or VOG2 ....- ee ee eee eee 
Drain-to-Gate Voltage, VOG .... 0... cece cee eee eee eee 
Drain Current, Up: ieee a iN ed a have ae Sarees 


Transistor Dissipation: 


AtTacup to. 25°C? cccccalswki decease tard deaaeved on 
At TR above 2600. fs o5 hi abd deeds pyis a gaan 


Ambient Temperature Range: 


Operating and Storage .. 1... 2... cece eee eee eee 


Lead Temperature (During Soldering): 
At distances 1/32 in from seating surface for 10 s max. 


Continuous Working Voltage, at Ta = 25°C: 


Gate No. 1-to-Source Voltage, VG1S «0... 0. ee eee eee eee 
Gate No. 2-to-Source Voltage, VG2S .. 6... cee eee eee 


Gate-to-Source Voltage, VGS ...... 0. cece eee eee eee ee 
Drain-to-Gate Voltage, VDG1 Or VOG2.. «6. ee ee ee 
Drain-to-Gate Voltage, VOG «1.6... cc ee eee 


oe 


Device Features: 


® back-to-back diodes protect gate insulation against damage 
due to static changes frequently encountered during handling 


B high forward transconductance: gf, = 12,000 umho (typ.) 

@ high power gain: Gps = 32 dB (typ.) at 44 MHz 

® gate leakage currents: 1G1Ss and IG2ss = 60 nA (max.) 
at Ta = 25°C 

Bhigh input impedance 

® excellent thermal stability 


Performance Features: 


@ superior cross-modulation performance and greater dynamic 
range than bipolar and junction-gate FETs 

& wide dynamic range permits large-signal handling before 
overloading 

8 virtually no agc power required 

@ greatly reduced spurious responses in AM and FM receivers 

@ dual-gate configuration permits simplified AGC circuitry 

® operates at frequencies to 500 MHz without neutralization 
in circuits utilizing the dual-gate configuration 

® operates up to UHF with low-noise performance 


The following dual-gate MOS/FET types are specified for 
applications requiring premimum-grade performance: 3N200, 
3N 187, 40673, 40819, 40820, 40821, 40822, and 40823. 


Detailed information, utilizing RCA dual-gate protected 
MOS/FETs in RF applications, is given in the following RCA. 
Application Notes: AN-4431 “RF Applications of the 
Dual-Gate MOS/FET up to 500 MHz’ and AN-4018 “Design 
of Gate-Protected MOS Field-Effect Transistors”. 


Dual-Gate Single-Gate 
Configuration Configuration 
ie —0.2 to +18 —0.2 to +18 Vv 
‘2 +100 = BA 
a +100 LA 
ee +24 ~ Vv 
= +24 V 
se 50 50 mA 
ey 330 330 mw 


a derate linearly 2.2 mW/°C 


iy —65 to +175 —65 to +175 °C 
es 265 265 °C 
ns —4.5 to +3 _ Vv 
.. $-4.5 to +45 or 40% of Vos _ Vv 
(whichever value is less) 
re - —4.5 to +3 Vv 
i +20 _ Vv 
oe - +20 Vv 


#Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings 


are not exceeded. 


DRAIN- TO- -SOURCE VOLTS (Vpg) #15 
AMBIENT TEMPERATORE (14) * 25°C 
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GATE NO.2—TO- SOURCE VOLTS (Vas) 
92CS-18042 


Fig.2—Ip vs. VG2Ss. 


GATE NO.2~TO-SOURCE VOLTS (Vas) =4 
AMBIENT TEMPERATURE (Ta) = 25°C 
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DRAIN - TO- SOURCE VOLTS (Vps) 
92CS~-18043 


Fig.3—Ip vs. Vps. 


40841 


Applications: 


= DC amplifiers 

® RF amplifiers 

@ mixers 

@ |F amplifiers 

8 video amplifiers 

= differential amplifiers 
@ frequency multipliers 
@ phase splitters 

@ industrial timers — long time delays 
® thyristor trigger circuits 


@ choppers 

® voltage-controlied attenuators 
® constant-current source 

® voltage regulators 

# telemetry & multiplex 

® servo amplifiers 

8 proximity switches 


TERMINAL DIAGRAMS 


SINGLE-GATE CONFIGURATION 


LEAD 1—ORAIN 

LEADS—2 AND 3—GATE 

LEAD 4—SOURCE, 
SUBSTRATE AND CASE 


DUAL-GATE CONFIGURATION 


LEAD 1—-DRAIN 

LEAD 2—GATE No.2 

LEAD 3—GATE No.1 

LEAD 4—SOURCE 
SUBSTRATE AND CASE 


DRAIN-TO- SOURCE VOLTS (Ving )#! 
AMBIENT TEMPERATURE (Tq) #25°C 
10 PEER an 
easee 


DRAIN MILLIAMPERES (Ip) 


GATE NO.1-TO-SOURCE VOLTS (Vgj5) 
92CS-1804! 


Fig.1—Ip vs. VG1S. 


"| COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (Tq) 225°C 
FREQUENCY (f)=1K 
DRAIN-TO- SOURCE VOLTS (Vp) #15 
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GATE NO.I-TO-SOURCE VOLTS (Ver) 
92SS- 4096 


Fig.4—gfs vs. VG1S- 
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40841 


ELECTRICAL CHARACTERISTICS at Ta= 25°C COMMON - SOURCE CIRCUIT 

AMBIENT TEMPERATURE (T,)= 25°C 
FREQUENCY (f) = IkHz 
DRAIN -TO- SOURCE VOLTS (Vpg) #15 


2) 


CHARACTERISTICS TEST CONDITIONS CONFIGURATION 


DUAL-GATE SINGLE-GATE 
Gate-to-Source Cutoff Voitage: 
Dual-Gate (No. 1) Vos* +15V,1p" 200HA, Vga" +4V 


Dual-Gate (No. 2) Vos* +15V,1p=200uA,VG1s=0 
Vps® +15V,) p= 200uA 

Gate-to-Source Forward Breakdown Voltage: IG1SSF = 

Dual-Gate (No. 1) IG2SSF = 

Dual-Gate (No. 2) ; 

Single-Gate 
Gate-to-Source Reverse Breakdown Voltage: 

Dual-Gate (No. 1) Vi8R)GISSR 

Dual-Gate (No. 2) V(BR)G2SSR 

Single-Gate 
Gate Terminal Forward Current: 

Dual-Gate (No. 1) 

Oual Gate (No. 2) 


it 


HEH 
HH 
oe ¢ 

tt 

itt 
HH 
settee 


ry 
‘ 


ut 
tes 
ttt 


= MILLIMHOS 
TE 


Hitt! 
HH 


Ht 
St 


eth 


= 

o 
= 
3 
< 
8 
9 
” 
z 
< 
« 
= 
4 
< 
« 
° 
°o 
i 
N 
S 
2 
- 
< 
oe 


st 
Y 
ttt 
SSBee 5562381 


a 


GATE NO. 2-TO-SOURCE VOLTS (Vga) 
92CS -147a7R2 


Fig.5—gfs2 vs. VG2s. 


Gate Terminal Reverse Current: 
Oual-Gate (No. 1) 


Dual-Gate (No. 2) Vos= VG1s= 9. VG2s= -6V 
Single-Gate Vos= 0,VGs= -6V 


100 


O6LINITIAL ADJUSTMENT : GATE No.!- TO-SOURCE VOLTAGE (VGi 
FOR DRAIN CURRENT (Ip)=!10 mA WITH Vg2g7+4.0 
DRAIN-TO-SOURCE VOLTS (Vps) 15 


Sis 


EQUIVALENT INPUT NOISE VOLTAGE {en}—nV/, 


Zero-Bias Drain Current: 
Dual-Gate Vos = +15 V, VG1s = 0, VGas= +4 V 
Vps= +15 V, VGs * 


Forward Transconductance (Gate-to-Drain) 
Dual-Gate 
Single-Gate 


Smalt-Signal, Short-Circuit, Reverse Transfer Vos= +15V 


Ip = 10mA 


|-Gate onl 
Audio Spot Noise Figure® ee : whe) 
Oual-Gate 


Capacitance (Drain-to-Gate-No. 1)® 


FREQUENCY (f)—-Hz 


92CS-18050 
Conversion Gain 


2 
<j] <| < € 
< ba 

a 


MIN. | 
tise 
| 
a 
ed 
Ree 
feos 
Ss 
| 
mae 
pea 
Pa) 
= 
ey 
eas 
= 
a 
= 
S| 
r= 
ea 
| 
Si 
sl 
= 
real 
aon 


eee Pe bee h Pt fale ah Ep bbl [ep Ue 


~ 
8 w 
~ 


Fig.6—€n vs. f. 
+t Capacitance between Gate No. 1 and all other terminals (Dual-Gate), Gate and all other terminals (Single-Gate) 9.6—€n 


‘ Three-terminal measurement with Gate No. 2 and Source returned to guard terminal (Dual-Gate) 
* Noise Figure = 10 10919 1+————_—--——| where K= 1.38 x 10-23. T = Temperature in Kelvin; BW = Bandwidth in Hz: 
: 4 KT 8W Ry R., = Generator resistance 


9 
TYPICAL CHARACTERISTICS FOR 40841 IN SINGLE-GATE CONFIGURATION 
(Terminals 2 and 3 tied together to comprise effective single-gate) 


AMBIENT TEMPERATURE (T,)#25°C 4 


DRAIN MILLIAMPERES (Ip) 


‘o 
4 
w“ 
wl 
« 
wi 
a 
2 
= 
3 
a 
2 
z 
3 


° 
= 
E 
€ 
| 
“we 
- 
2 
tal 
Oo 
a 
8 
z 
3 
a 
z 
=< 
x 
ra 
=) 
< 
5 
“Ss 


* 
LJ 
= ee se ; : 0 5 10 15 é 
. is Sucre snisce foee weal = 0 2.5 5 78 10 12.5 18 1% DRAIN MILLIAMPERES (Ip) oe ee 
DRAIN-TO-SOURCE VOLTS (Vp5) 
920$-18044 e ean” Fig.9—gfs vs. Ip. 
Fig.7—|p vs. VDS- Fig.8—Ip vs. Vps. 
VERTICAL 

GAIN /CAL 
TYPICAL CHARACTERISTICS FOR 40841 IN 25K 
SINGLE-GATE & DUAL-GATE CONFIGURATION 


CORRE (ak VOLTAGE RANGE 


oc CN Oe nae 7 
OC / / 


AC TO VERTICAL 


ADJUST GATE -TO-SOURCE a ere AMPLIFIER 
VOLTAGE (Vgg) FOR DRAIN 
\CURRENT (Ip) #10 mA 


DRAIN-TO~SOURCE VOLTS #15 


2.4K 


600 


i 
: 
: 
: 
: 
3 


DUAL-GATE CONFIGURATION: 2.7K 
Rene ig om onan 
Is VERT 
CURRENT (Ip) 10 mA yo aver TICAL 
DRAIN-TO-SOURCE VOLTS 
(Vos) #15 +13V 
GATE No. 2-TO-SOURCE VOLTS= 4 
A3V 
ALL RESISTANCE VALUES 
FREQUENCY (f)— Hz ARE IN OHMS = = 92CM-18048 
Fig.1 ay 2208-18098 Fig.11—Typical differential amplifier utilizing the 40841 in the vertical input stage of a solid-state oscilloscope. 
. 0-—en jo We 
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40841 


SOLID-STATE TIMER FOR INDUSTRIAL APPLICATIONS 


On 
| 
| 100 pF 
100 
120 V ACF 50 v oC 
60 Hz 
TYPE 
| _1N3756 
© 0.05 
D, 
TYPE 
1N3754 
RESISTIVE 
OR 
INDUCTIVE 
LOAD 
92CM -18049 
Corneil-Dubilier Electronics—Type MMW or equivalent. TIMING CIRCUIT CHARACTERISTICS a2: VorM = 60V 
R controls duration of time delay. At R = 60 MQ up to lar = 200uA 
5-minute delay (IRC resistor, Type CGH or equivalent) Ta= —25°C to +60°C na OBA t 
This circuit can also be used at supply voltages of 240 V AC Accuracy: £10% (over temperature) por 
and 24V AC (60Hz) by changing the values of R1 and Q3. Repeatability: +3% (at 25°C) D3: IR= 1nA 
Reset Time: Less than 150 ms Vaz 60V 


Fig.12—Typical timing circuit utilizing the 40841 in a single-gate configuration. 
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Dimensional Outlines 
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Dimensional Outlines 


BASE PLANE 


SEATING PLANE \_. 


GAUGE PL ANE 


INDEX AREA 


Cc 
ase? i 


et BOTTOM VIEW Ey % € 


1 
~ SSS o 
NOTES: ~~ 
Refer to Rules for Dimensioning (JEDEC Publication No. 95) 
for Axial Lead Product Outlines. 
1. When this device ts supplied solder-dipped, the maximum iead 
thickness (narrow portion) will not exceed 0.013”. 


2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
guage plane with maximum material condition and unit installed. 


€p applies in zone Lo when unit installed. 
. a apphes to spread leads prior to installation. 
N ts the maximum quantity of lead positions. 


oa kw 


N, ts the quantity of allowable missing leads. 


(JEDEC MO-001-AD) 14-Lead 


CERAMIC DUAL-IN-LINE PACKAGES 
(D) Suffix 
(JEDEC MO-001-AE) 16-Lead 


MILLIMETERS 
4.06 


0.356 | 0.508 | 
0.89 1.65 


(D) Suffix 


0.745 
0.300 


5 
0.204 | 0.304 
18.93 | 19.93 


7.62 8.25 
6.10 6.60 


0 


LN] 
> 
o 


a 

$8 
ony § 

° 

x) 


3.18 3.81 
0.000 | 0.76 
ee ee 
1.27 2.15 
0.39 1.52 


92SS-4286R5 


0.125 | 0.150 
‘0.000 | 0.030 


a 


92SS-4411R2 


DUAL-IN-LINE PLASTIC AND FRIT-SEAL CERAMIC PACKAGES 


(E) and (G) Suffixes (JEDEC MO-001-AN) 
8-Lead Plastic {Mini-DIP) 


MILLIMETERS 


mere [win Tmax. 


0.155 | 0.200 3.94 5.08 
0.020 | 0.050 1.27 


0.014 | 0.020 
0.035 | 0.065 
0.008 | 0.012 ° 
0.370 | 0.400 


0.300 7.62 
0.240 6.10 
0.100 TP 


0.300 TP 


0.125 
0.000 


0.040 | 0.075 
0.015 | 0.060 


92CS- 24026R1 


H 


| 
| 


ale 


SEATING 
PLANE 
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set A / BASE AND 


(E), (F), and (G) Suffixes 
(JEDEC MO-001-AC) 16-Leaa 


SYMBOL 
ae 


0.155 { 0.200 
0.020 | 0.050 


(E, (F) and (G) Suffixes 
(JEDEC MO-001-AB) 14-Lead 


MILLIMETERS 


0.2 5.08 
0.05 1.27 
0.020 0.356 | 0.508 
0.065 1.27 1.65 
0.770 18.93 19.55 
7.62 8.25 

6.10 6.60 

2.54 TP 

7.62 TP 

3.18 3.81 


MILLIMETERS 


| fost [ie 
Ay 0.51 | 1.27 
B, | 0.035 | 0.065 0.89 | 1.65 
D | 0.745 | 0.785 18.93 | 19.93 
0.240 | 0.260 6.10 | 6.60 

ey 0.100 TP 2 
L> | 0.000 | 0.030 0.000 | 0.76 
fas NOP ABE ew | OP oh eed 

is 

= 


2.54 TP 
7.62 TP 
3.18 3.81 


0.040 | 0.075 1.02 1.90 
0.015 | 0.060 0.39 1.52 


92CM-!I5967R4 
(K) Suffix 
(JEDEC MO-004-AF) 14-Lead 


win. [ MAX 


0.008 | 0.100 
0.015 } 0.019 
0.003 | 0.006 
0.050 TP 


92SS-4296R3 


CERAMIC FLAT PACKS 


'MILLIMETERS 
MIN. MAX. 
NOTES: 
1. Refer to Rules for Dimensioning (JEDEC Publication No. 95) 
for Axial Lead Product Outlines. 
2. Leads within .005” (.12 mm) radius of True Position (TP) at 
maximum material condition. 


3. N is the maximum quantity of lead positions. 
4. Zand 21 determine a zone within which all body and lead 
irregularities lie. 


TO—5 STYLE PACKAGES 


(T) Suffix (JEDEC MO-002-AL) 8-Lead TO-5 Style 


MILLIMETERS 


92CS-19431R2 


NOTES 


1. Refer to JEDEC Publication No 95 for Rules for Dimensioning 4. Measure from Max. ¢D. 
Axial Lead Product Outlines. 
5. N17 is the quantity of allowable missing leads. 
2. Leads at gauge plane within 0.007” (0.178 mm) radium of True 
Position (TP) at maximum material condition. 6. Nis the maximum quantity of lead positions. 


3.  %B applies between L1 and L2.6B2 applies between L2 and 
0.500°’ (12.70 mm) from seating plane. Diameter is uncontrolled 
in L1 and beyond 0.500” (12.70 mm). 


Dimensional Outlines 


(S) Suffix 8-Lead TO-5 Style with 
Dual-In-Line Formed Leads (DIL-CAN) 


.335--370 
(8,519.39 
185 
305-.335 (4.70) MAX 
(7.75- 8.50) 
DI : .O70-.150 
(1.78- 3.81) 


.015 -.0350 
1 (39-127) ‘ 


8 LEADS ae 
-016-.019 


.120-.150 
(3.05-3.81) 


.125-.160 
(3.18 - 4.06) 
DIA. 


+ 


. 200 (5.08) DIA. 300+.015 
PIN CIRCLE (7.62 +.381) 
00+ .010 
(2.54+.254) 
(3 SPACES) .3004.010 


(7622254) 
NON CUMULATIVE 


92CS—20296R3 


(T) Suffix (JEDEC MO-006-AF) 10-Lead TO-5 Styie 


| MIN. | | MIN. | MAX. | 
| a ST 230TR 5.84 TP 


NOTES: 
1. Refer to Rules for Dimensioning Axial Lead Product Out- 4. Measure from Max. 9D. 
lines. 5. N1 is the quantity of allowable missing leads. 


2. Leads at gauge plane within 0.007” (0.178 mm) radius of 
True Position (TP) at maximum material condition. 


6. N is the maximum quantity of lead positions. 


3. 9B applies between L.7 and 2. ¢B2 applies between L2 
and 0.500" (12.70 mm) from seating plane. Diameter is 


uncontrolied in L 1 and beyond 0.500” (12.70 mm). 92CS -15835 


(V) Suffix 
10 Formed Leads Radially 
Arranged TO-5 Type 


335-.370 
(8.51-9.39) 

185(4.70) 
305—.335 
MAX. 1(775-850) 


.O70-.100 


OIA || (.78-2.54) 


—— 
235 | 265 (308- x01 ) 
3 -, .05-3.81 

(5.97-6.73) © 2 28 

@ 10 LEADS 

}e-016-.019 

(.407- .482) 

OIA. 


92CS— 14638 R2 


.230 (5.84) 
OIA. 


PIN 
CIRCLE 


4680 (12.19 
OIA. 


PIN 
CIRCLE 
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Dimensional Outlines 
TO—5 STYLE PACKAGE (Cont'd) 


92CS-19774 


Se eetll 


(T) Suffix(JEDEC MO-006-AG 


INCHES 


MILLIMETERS 


E 


a 
g 
+ 
uv 


o 
> 
ioe) 
NS 


4.70 


| 
| o | 


Test] 


Ss 


2 Radley 
ragga OD) ) ep | 


=) 


0.021 
0.370 


o 


N 


ost 


| 0.00 | 
| 64 | 127 


30 TP 


0.863 


1.27 


EREEEBECBEeAe 
8 ° 
n 
to) 
© 
g 


30° TP 


2 
re) 
+ 
m 


_ 
“InN 


12-Lead TO-5 Style 


NOTES: 


1. Refer to Rules for Dimensioning Axial Lead Product Out- 
lines. 


2. Leads at gauge ptane within 0.007” (0.178 mm) radius of 
True Position (TP) at maximum material condition. 


3. $B applies between L14 and L2. ¢B2 applies between L2 
and 0.500” (12.70 mm) from seating plane. Diameter is 
uncontrolled in L1 and beyond 0.500” (12.70 mm). 


4. Measure from Max. oD. 
5. N71 is the quantity of allowable missing leads. 
6. N is the maximum quantity of lead positions. 


JEDEC TO-72 PACKAGE 


Pr 


SEATING 
PLANE 4 
2 
4, 

dbo 

BOTTOM 
VIEW 

INSULATION 


92CS-17444RI 


INCHES MILLIMETERS 


Note 1. (Four leads) Maximum number leads omitted in this outline, 
“none’’ (0) The number and position of leads actually present are 
indicated in the product registration Outline designation deter 

mined by the location and minimum angular or linear spacing of any 
two adjacent leads 


Note 2 (All leads) Ob applies between |) and 14 ob applies 

between I! and 500° (12 70 mm) from seating plane Diameter is 
uncontrolled in 14 and beyond 500°’ (12 70 mm) from seating plane 
Note 3 Measured from maximum diameter of the product 

Note 4° Leads having maximum diameter 019°’ ( 483 mm) measured in 
gaging plane 054° (137 mm) + 001" (025mm) - 000" (000 mm) 
below the seating plane of the product shail be within 007" (178 mm) 
of thew true position relative to a maximum width tab 

Note 5: The product may be measured by direct methods or by gage 


Nate 6: Tab centerline 


(Q) Suffix 14-Lead Staggered 


.025(.64)R. 
MECHANICAL 
INDEX. 
INDEX 
AREA 


peo tee 
020\ 5 


ie 


008 - 0.013) 


.204~0.330 f 100 
res > e-(O ) 199, (28a | 
bike | MIN, 
300 _- 

(7.62) 
TYP 


1. Body width is measured 0.040” (1.02 mm) f 


QUAD-IN-LINE PLASTIC PACKAGES 


.770 (19.55 
r 745 ae 
4 13 t2 It 0 9 8 


Recommended Mounting — Hole 


Dimensions and Spacing 


PACKAGE 
.260 (6.60 LEADS 
.240 \6.10 | 
1234567 | (3°) : 3 : 3 
.200 ic a Fas Sia 
(5.08) TERMINAL TOP VIEW 


090 Ge) 
‘065 \1.66 


065 (1.65 


+ilk-o50('27 


zi .-920( 508 
.014\.356 


92CS-14872R2 


rom top, surface. 


2. Seating plane defined as the junction of the angle with the 


narrow portion of the lead. 


Dimensions in parentheses are millimeter 
equivalents of the basic inch dimensions. 
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AWe 


es 


Oy ¢ 6 + 


441 
(3.58 


(IN CIRCUIT BOARD) 
92CS-!4873 


QUAD IN-LINE PACKAGES (Cont'd) 


(W) Suffix 16-Lead Staggered 


.745-.785 

(18.93-19.93) 
025(.64)R. 6 156 14 13 t2 It 10 9 
salar te Zz a 


abs cee) 
610-.660 
INDE X ; 

AREA } 


.400 TYP. 
(10.16) 


155 -.200 
(3.94-5.08) 


020-.050 040-075 
(508-1.27) (1.02-I 90) | 


Dimensional Outlines 


Recommended Mounting — Hole 
Dimensions and Spacing 


0.032 (0.81) DIA. 
16 HOLES 
(IN CIRCUIT BOARD) 


TERMINAL No.! 


381-4: 
Lg ' 92CS-26956 
TOA WIE EPP t00 ain. NOTES: 
SEATING H (2.54) 1. Body width is measured 0.040" (1.02 mm) from top surface. 
PLANE f 2. Seating plane defined as the junction of the angle with the 
NOTE 2 rie lee 014 -.020 | narrow portion of the ead. 
(356-508) 100 TYP. Dimensions in parentheses are millimeter 
035 -.065 (2.54) equivalents of the basic inch dimensions. 
(.89-1.65) 
.O15- .060 
.008 -.013 (.38-1.52) 92CM-26937RI 
(.204 - .330) 
(Q) Suffix 16-Lead 785 (ee) 
‘745 \18.93 Recommended Mounting — Hole 
‘ .64)R. 2 1 0 9 . . * 
DER LCS PR IS 1-8 1812 | - Dimensions and Spacing 
MECHANICAL .260 (ew) 
INDEX 41 
a .240 \6.10 {Wey 
AREA } 
| 2 3 @4 $$ 6 7 8 as 
(2.54) i d b— 
400 ¢ 
. .060 ('38) : gos TOP VIEW 
. 015 \ .39 | - Pe 7 7 
“| ae No.! 
050 (Us) 
020 \ .5! .200 / 5.08 -h ® 
] .155 (3.94 ae eS 
100 .065 /1.65 ar i HOL ES. 
ie (2.54) i 3) (IN CIRCUIT BOARD) 
MIN. TYR .020 (308) 1. Body width is measured 0.040” (1.02 mm) from top surface. 
-O14 \.356 2. Seating plane defined as the junction of the angle with the 
narrow portion of the tead. 
92CS ~17533RI 92cs-t7580 


.008 ~ .013 
“(203 -.330) 


Dimensions in parentheses are millimeter 
equivalents of the basic inch dimensions. 


20-Lead Shielded 
+ "$10 


1.010 aa) 
990 \25.15 


790 (20.06 
770 \ 19.56 


I9 18 17 #6 «15 14 :«13—=«(12 


.030 -.040 
(.76-1.01) 


100—.120 bien (s-80) 
ee ‘240 \6.10 
INDEX 
al .050 ey) 
020 \ .5! iss 
.045-.065 
| (1.14-1.65) 
290 ( ) 
t t 155 \3.9 
| .200 
100 ; .075 (Oz) (5.08) 
(2.54) (2.54) ‘035 \ .89 it 
MIN We .300 
| O14 (338) (7.62) 
“014 \. 
.008 - .013 TYP. 
NOTE: TERMINALS I! AND 20 ARE OMITTED. (.204 —.330) 
92CS-I7587RI 


Recommended Mounting — Hole 
Dimensions and Spacing 


fo 68 9 — 


a 54) @ b rc) eS 
ae a See oe ae Ses ROP VIEW 
(5,08) y = No. | 


le = 
a a es 100 codes ¢ 


(2. 54) 18 HOLES 
TYP (IN CIRCUIT BOARD) 


92CS-!1758! 


NOTES: 


1. Body width is measured 0.040” (1.02 mm) from top surface. 
2. Seating plane defined as the junction of the angle with the 
narrow portion of the lead. 


Dimensions in parentheses are millimeter 
equivalents of the basic inch dimensions. 
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Dimensional Outlines 


DUAL-IN-LINE AND QUAD-IN-LINE PLASTIC PACKAGES 
(Power Stud and Heat-Sink Types) 


(E) Suffix 
16-Lead ‘‘Power-Stud’’ Package 


0.745 (18.93) 


0.785 (19.93) | 
3 i 


MECHANICAL IXDEX-~,° 0.240(6.10) 


0.260 (6.60) 


alatecao i) 0.104(2.642)"* 
0.035089) |i 0.107 (2.717) 
0.065(1.65) | 0.040(1.02 
0.014(0.356) 0.116 (2.947) | 0.075(1.90) 
0.020(0.508) 2 

a 
0.155(3.94) | 
0.200(5.08) =F | 
0.020(0.51) SLES 
0.050(1.27) ae i 
0.015 (0.39) 00301078) 
0.060 (1.52) i ; 


ns GAUGE PLANE 
0.100 (2.54) TYR 0.008(0.204) 


0.013 (0.330) 
DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 
x 92CS- 24134R3 


STUD CENTERLINE (€) COINCIDES WITH BODY 
CENTERLINE WITHIN +0015 


(Q) Suffix 


Modified 16-Lead with Integral Bent Down Wing-Tab Heat Sink 


0.035-0.065 
(0.89-1.65) 


MECHANICAL ~. | 0.240-0.260 
INDEX (610-660) 
INDEX AREA ° ‘ 
0.251 I. 
(6.38) 
0.745-0.785 
(18.93-19.93) 
| 0.400 fe 
0.230 (5.842) (10.16) | 
0.150-0.160 ee 
(3.810-4.064) 0.083 DIA. eer 0.300 
i (1.35) -0.040-0.07 (762) | : 
Paget 2 HOLES (1.02 -1.90) || TYP. 
7 seeper ae 4 
— 
L = 0.090-0.110 
bens , (2.29- 2.79) 
f {| 
SEATING hy eng ike — 0.100 (2.54) TYP. 
| Ae welt le 0100 (2. 54) ee --+—~ 0.200 (5.08) TYP. 
9.015-0.060 |'ai @0.035-0.065 | 0008-0013 | 
(0.39-1.52) a (0.89-1.65) (0.204-0.330) 
Le see ROT Ts, aia 
(17.20) 


92CM- 25044R3 


DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 
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(EM) Suffix 
Modified 16-Lead with Integral Heat Sink 


920 
(23.37) 
MAX. 
DIMENSIONS IN PARENTHESES ARE IN 
MILLIMETERS AND ARE DERIVED 
FROM THE BASIC INCH DIMENSIONS 
AS INDICATED. 
920 
(23.37) 
MAX. 
850 
(21.59) 
MAX. 
Hera 225) t 92CM - 24138RI 
200\5.080 mi 
et ceed ea CENTER 
020 ( 508) 075 \ 1.905 OF LEAD 
ee 100 128 (3.178) 546 
(2.540) al 3) (7620) 
TYP 


ali 008- 0.013 


(0.204-0.330) 


a 60 ( 384) 
(QM) Suffix 


Modified 16-Lead with Integral Flat Wing-Tab Heat Sink 


0.053 DIA. 
(1.35) 


2 HOLES 
0.035-0.065 
(0.89-1.65) | les 2 
U " 
MECHANICAL = 
INDEX oak 0.240-0.260 
a | (16.51) 
INDEX AREA 
0.142 DIA. (3.61). a oe 
(2 HOLES) —— 0.990 
0.745-0.785 (25.15) 
~—(18.93-19,93) Sa08 
0.230 (5.842) (10.16) 
- 0.150- 0.160 Lee 
'(3.810-4.064 
0.300 
0.040-0.075 
0.020-0-070  (1.02-1.90) ce 
(0.51-1.77) i 
r 4 
my 0.090-0.110 
+ (2.29-2.79) 
Han -0.023 
SEATING |= 0556-0.584) L 0. 100 (2.54) TYP. 
i 0.100 (2.54) —ei— 0,200 (5.08) TYP. 
0.015-0.060 0.035-0.065 TYP. 
= c  0.008-0.013 


92CM- 25045R3 


DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 


Dimensional Outlines 


DUAL-IN-LINE AND QUAD-IN-LINE PLASTIC PACKAGES | 
(Power Stud and Heat-Sink Types) 


(EM) Suffix 
16-Lead with Integral Strap Heat Sink 


0.745-0.785 
ee 


PLASTIC BODY ; 235 6 
0.240-0-260 
(6.10- 6-60) 


END ALIGNMENT OF HEAT SINK 
TO CENTER OF PLASTIC BODY 


HEAT SINK 
0.280( 7.11) MAX, IN 
DEBOSSING AREAS 
0.030-0.036 
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RF Applications of the 


Dual-GateMOS FET up to 500 MHz 


by L. S. Baar 


The RCA dual-gate protected, metal-oxide silicon, 
field-effect transistor (MOS FET) is especially useful for 
high-frequency applications in RF amplifier circuits. The 
dual-gate feature permits the design of simple AGC circuitry 
requiring very low power. The integrated diodes protect the 
gates against damage due to static discharge that may develop 
during handling and usage. This Note describes the use of the 
RCA-3N200 dual-gate MOS FET in RF applications. The 
3N200 has good power gain and a low noise factor at 
frequencies up to 500 MHz, offers especially good cross- 
modulation performance, and has a wide dynamic range; its 
low-feedback capacitance provides stable performance 
without neutralization. 


Gate-Protection Diodes 

Fig. 1 shows the terminal diagram for the 3N200. 
Gate No. 1! is the input signal electrode and Gate No. 2 
is normally used to obtain gain control. The back-to-back 
diodes are connected from each of the gates to the 
source terminal, lead No. 4. If short duration pulses 
greater than £10 volts, generated for example by static 
discharge, are inadvertently applied to either gate, the 
protective diodes limit these voltages and shunt the current 
to the source terminal. Thus the gates, under normal 
operating conditions, are protected against the effects of 
overload voltages. ! 


LEAD 1 - DRAIN 

LEAD 2 - GATE NO. 2 

LEAD 3 - GATE NO. 1 

LEAD 4 - SOURCE, SUBSTRATE, 
AND CASE 


Fig. 1 — Terminal diagram for the 3N200. 


Operating Conditions 

Typical two-port characteristics at 400 MHz including 
both “y” and “‘s” parameters, are given for the 3N200 in the 
RCA technical bulletin, File No. 437. This note makes use of 
the “‘y” parameters; however, designers who prefer the 
alternate method can, by parallel analysis, make use of the 
“s” parameters. 

A recommended operating drain current (Ip) for the 
3N200 is approximately 10 milliamperes with Gate No. 2 
sufficiently forward biased such that a change in the bias 
voltage does not greatly affect the drain current. An 
adequate Gate No. 2-to-source voltage (VG2S) is approxi- 
mately +4 volts. The forward transadmittance (yfs) increases 
with drain current, but saturates at higher current levels. The 
increase in RF performance at drain currents above 10 
milliamperes is achieved only with less efficient use of input 
power. 

To establish the optimum operating conditions for a 
type, consideration must be given to the range of variations 
in characteristics values encountered in production quantities 
of the type.2 One important measure of type variation is the 
range of zero bias drain current (Ips). The current range 
given in the 3N200 technical bulletin for Ips is from 0.5 mA 
to 12 mA. A fixed bias condition intended to center the 
range of drain current at the desired level, still will produce 
an operating drain current range of 11.5 milliamperes with a 
resultant wide range of forward transconductance (gfs). The 
drain current can be regulated by applying dc feedback with 
a bypassed source resistor (RS). A good approximation of Rg 
(where IpQ > Ips/2) can be calculated by the use of the 
following formula*, assuming that VG1S vs. Ips is linear 
over the current range under consideration: 


1 Alps a 
Rs © ——- 1 ; 
gfs(min.) AlIpo 
*See Appendix 
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where: 
Alps is the current range given in the 3N200 technical 
bulletin 


Alpg is the desired range of operating current 


gfs(min.) is the minimum forward transconductance 
at 1000 Hz 


With the value of Rg established, then the Gate-No. 1] 
Voltage (VG) can be calculated from the equation 


Vc1 = VGIs + Ipg Rs Eq. 2 
where VG1§ is estimated by: 
Ip - Ips 
VGIS = Eq. 3 
Bfs(ave-) 
where: 


gfs(avg.) is the average forward transconductance 


To establish the Gate-No. 2 Voltage (VG2), follow the 
same procedure described for calculating the Gate-No. 1 
Voltage, except that a fixed VG25 of approximately 4 volts 
is adequate. 

If gain control is desired, apply a negative-going voltage 
to Gate No. 2. Because Gate No. 2 has little control in the 
voltage range of +2 to +5 volts, this characteristic may be 
used to effect AGC delay of the device in order to maintain 
the low noise figure until the RF signal is out of the noise-level 
range. 


Stability Considerations 


Typical “y” parameter data as a function of frequency 
are given in Table 1. Maximum available gain (MAG) cal- 
culated from these data are also included to indicate ideal 
gain performance (i.e., y,, = 0). The ability of the MOS FET 
to approach these gain levels depends on the device main- 
taining stable performance at the required operating fre- 
quency. 


There are several methods which may be used to test for 
gain vs. stability. One of these methods, the Linvill Criteria 
(C), is defined by the equation: 


Yrs Yfs 


C= —_—_—__ 
2Bis Bos - Re Wes Yes) 


Eq. 4 


A value for C which is less than 1 indicates uncondi- 
tional stability. Applying the 400-MHz values taken from 
Table | to the Linvill Criteria yields a value of C = 0.615; 
substantially less than the value indicating unconditional 
stability. 


The following equation for Maximum Usable Gain 
(MUG)3 is: 


2K | Yfs | 
MUG = Eq. 5 


[yrs | (1+ cos 0) 


where: 
0 = Lygy + Lys 
K = skew factor 
Ly;s = angle of reverse transadmittance 


Lyf, = angle of forward transadmittance 


The skew factor, introduced in this equation, is a safety 
measure that establishes an arbitrary degree of skewing in the 
frequency response which may be introduced by regenera- 
tion. A value of 0.2 for K has been established on the basis of 
past experience. The value of MUG calculated at 400 MHz is 
13.8 dB. This value of MUG is greater than the value of 


‘MAG, again indicating unconditional stability, since MAG, 


ignoring inherent feedback, is the conjugately matched gain. 
Therefore, neutralization or circuit loading is not required to 
insure stable performance, and the gain can approach MAG, 
limited only by circuit losses. 


Reverse transadmittance (yrs) is composed of several 
components, but the major ones are feedback capacitance 
(Crs) and source-lead inductance (Ls). Therefore, care must 
be exercised in the application of the y;s values, shown in 
Table 1, at the upper end of the usable frequency range. The 
3N200 utilizes a JEDEC TO-72 package that has 4 leads. The 
data in Table ! was compiled with the use of a socket which 
contacts the leads of the 3N200 as close as possible to the 
bottom of the package as specified by the JEDEC Standard 
Proposal SP-1028 ‘Measurement of VHF-UHF “y” Para- 
meters”. The leads are shielded from each other to eliminate 
stray capacitance between the leads, but some lead induct- 
ance is inevitable. If the device is soldered directly to the 
circuit components using commercial production techniques 
rather than by precise laboratory methods, then additional 
source lead inductance can be expected. Also, some 
additional capacitive coupling may result if the input and 
output circuits are not completely isolated from each other. 


CHARACTERISTICS SYMBOL . FREQUENCY (MHz) 
100 200 300 400 500 


y Parameters 


Input Conductance 

Input Susceptance 

Magnitude of Forward Transadmittance 
Angle of Forward Transadmittance 
Output Conductance 

Output Susceptance 

Magnitude of Reverse Transadmittance 
Angle of Reverse Transadmittance 


Maximum Available Gain 


0.3 


1.5 2.7 


0.012 0.025 


Table 1 — “’y” Parameters from 100 to 500 MHz 


Because the published y;s value for the 3N200 is very 
small, the circuit yrs values may differ significantly from the 
Yrs values shown in Table | and hence, may result in an 
unstable operating condition. It is impossible to provide data 
for all possible mounting combinations, therefore, a recom- 
mended mounting arrangement is shown in Fig. 2. The 
source and substrate in the TO-72 package of the 3N200 are 
internally connected to lead No. 4 and the case. The 


source-lead inductance can be reduced, if the case is used as 
the source connection. Fig. 2 illustrates a partial component 
layout in which the case is held by a clamp or other fingered 
device. The clamp is soldered to a feedthrough capacitor to 
provide an effective, very-low inductance bypass to RF 
signals. This mounting arrangement still permits the use of a 
source resistor for DC stability, and enables the case to 
provide isolation between the input and output circuit in 
addition to the isolation afforded by the shield. 


TUNING 
CAPACITOR C2 


FEED THROUGH 
CAPACITOR C 


INPUT BNC JACK 


C6 
Tor vIEWw 
SHIELD 
TUNING 
CAPACITOR Co CLAMP 
FEEDTHROUGH 
CAPACITOR C7 
SIDE VIEW 


Fig. 2 — Partial component layout of 400-MHz amplifier 
circuit 


The reduction of source-lead inductance provides in 
addition to greater stability, a lower input and output 
conductance. Table 2 shows the differences in “y” parameter 
values at 400 MHz when measured with the source con- 
nection made to lead No. 4 (in accordance with the 
published data for the 3N200) and when measured with the 
case connected directly to the ground plane of the test jig. 
The magnitude of reverse transadmittance is halved with a 
significant change in its phase angle. The input conductance 
is reduced by 30%, and the output conductance is reduced by 
13%. A recalculation of the expressions for MAG, MUG, and 
Linvill Criteria (C) shows a significant improvement in gain 
and circuit stability. 

While it is difficult to provide accurate information on 
the effects of shielding between the input and output 
circuits, its effect can be demonstrated when all other 
feedback components have been reduced to negligible values. 
The circuit, shown in Fig. 3 (for component layout see Fig. 


2), was measured both with and without a shield. The — 


maximum gain, without the shield, averaged 0.8 dB lower 
than with the use of the shield. 


Fig. 3 — 400-MHz amplifier circuit 


When receiver sensitivity is an important consideration 
in the design of an RF amplifier, a compromise must be 
made in the circuit power gain to achieve a lower noise 


factor. A contour plot of noise figure as a function of 
generator source admittance is shown in Fig. 4. Each contour 
is a plot of noise figure as a function of the generator source 
conductance and susceptance. Data for the noise figure were 
obtained from a test amplifier designed with very low 
feedback. Even though the area of very low-noise figure in 
the curves in Fig. 4 cover a broad range of source admittance, 
impedance-matching for maximum power gain could result in 


FREQUENCY (f)= 400MHz 
AMBIENT TEMPERATURE ( Ta}= 25°C 


GENERATOR SOURCE CONDUCTANCE (9),)— mmho 


-225 -20 -175 -I5 -I125 -10 -75 -5 -2.5 Oo 
GENERATOR SOURCE SUSCEPTANCE (bj,)} — mmho 


Fig. 4 — Noise factor vs. generator source (input) admittance 
(vis) 


a relatively poor noise figure. As shown in Table 2, the input 
conductance (gis) with the case grounded is 2.5 mmho. With 
the reactive portion tuned out, the noise factor at power 
matched conditions is almost | dB higher than the optimum 
noise figure. However, matching to 5.0 mmbho results 
in a near optimum noise factor with a loss of only 0.5 dB in 
gain. In addition, impedance matching to high conductance 
also benefits crossmodulation performance, as will be dis- 
cussed in a later section. 


Gate Protection Diodes 

The diodes incorporated into RCA dual-gate MOS 
FETs, for gate protection, have been designed to minimize 
RF loading on the input circuits. The small amount of RF 
loading results in only a fraction of a dB loss in power gain 
and a negligible increase in the noise figure. The advantages 
of diode protection, greatly outweigh the slight loss in power 


Maximum Available Power Gain 
Maximum Usable Power Gain (unneutralized) 
Linvill Stability Factor, C 

““y"’ Parameters 
Input Conductance 
Input Susceptance 
Magnitude of Forward Transadmittance 
Angle of Forward Transadmittance 
Output Conductance 
Output Susceptance 


Magnitude of Reverse Transadmittance 


Angle of Reverse Transadmittance 


CHARACTERISTICS SYMBOL 
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gain, especially in an RF amplifier intended for the input 
stage of a receiver. 

In addition to the protection afforded in normal 
handling, the diodes also provide in-circuit protection against 
events such as: static discharge due to contact with the 
antenna, delay in transmit-receive switching, or connection 
of an antenna with an accumulated charge to the receiver. 


Crossmodulation 

Crossmodulation is an important consideration because 
it is an inherent device characteristic where circuit considera- 
tions are secondary. Crossmodulation is the transfer of 
modulation from an undesired signal on a desired signal 
caused by the non-linear characteristics of a device. 

Crossmodulation is proportional to the third-order term 
of the expansion of the Ip - VG§ curve. It is normally 
specified as the undesired signal voltage required to produce 
a crossmodulation factor of 0.01. The crossmodulation 
factor is defined as the percent modulation on a desired 
carrier by the modulated undesired signal divided by the 
percent modulation of the undesired signal. 

Inspection of the Ip - VG1s curve of Fig. 5 offers an 
insight to the possible crossmodulation as a function of 
gain-reduction performance. When both channels of the 
3N200 are fully conducting current, as shown by the VG25 = 
4-volt curve, the device approximately follows a square-law 
characteristic. If the Ip - VG zs curve was ideal, the 
third-order term would be zero; but in practical cases, the 


third-order term and crossmodulation have some low values. 


AMBIENT TEMPERATURE (Ta)=25°C 
DRAIN ~ TO-SOURCE VOLTS (Vpg5)#15 


DRAIN CURRENT (Ip) — mA 
~ 
a 


GATE No.!-TO-SOURCE VOLTAGE (Vg;s)— V 


Fig. 5 — Drain current (1p) vs. gate No. 1-to-source voltage 
(VG1s) 


FREQUENCY (f) = 400 MHz UNITS 
Case 


Normal 
Connection 


Grounded 


Table 2 — “y” Parameters at 400 MHz with source connection to lead No. 4 and with case connected to ground plane 
of test jig 
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When the gain is reduced, by the application of bias to Gate 
No. 2, the square-law characteristic changes to a curve with a 
knee. Sharp curvatures usually result in larger high-order 
terms and poorer crossmodulation performance can be 
expected at lower gain conditions. If in Fig. 6, Circuit A, we 
assume a fixed bias (VG1S) of approximately +0.4 volt, then 
the expected variation in crossmodulation is determined at 
the points where the ordinate at VGis = +0.4 volt crosses 
the curves. Crossmodulation performance at values of VG25 
= +4 volts to cutoff is as follows: good (low crossmodula- 
tion) at +4 volts, poorer at +2 volts, poorest at +1 volt, and 
again improves from zero volts to cutoff. 


CIRCUIT A 


CIRCUIT 8B 


CIRCUIT C 
Fig. 6 — Biasing circuits using the 3N200 


Curve A, Fig. 7 shows a curve of the undesired signal 
with a crossmodulation factor of 0.01 as a function of gain 
reduction. The curve indicates performance is poorest when 
gain reduction is in the 3- to 15-dB region; this region repre- 
sents a Gate No. 2-voltage range of approximately 0.5 volt to 
2 volts. The exception to the poor crossmodulation perform- 


E 


DESIRED SIGNAL (1p) = 56MHz 
8/- UNDESIRED SIGNAL (f,,)* 85 MHz 


CURVE C, 
GENERATED 
FROM FIG. 6, 
CIRCUIT C 


CURVE D, 
GENERATED 
FROM FIG 6, 


CIRCUIT C 
(HIGHER CURVE A, 
INITIAL Ip) GENERATED 
100 + 
AAS CIRCUIT A 


LY 
\ -*~curve a, | \ -” 
pee GENERATED . 
FROM FIG 6 
CIRCUIT 8 


GAIN REOUCTION (48) 


RMS INPUT VOLTAGE (mV) FOR 0.01 CROSSMODULATION FACTOR 


Fig. 7 —- Crossmadulation vs. gain reduction using biasing 
circuits shown in Fig. 6 


ance in this range is the sharp peak which occurs at the 5-dB 
level and is due to a curve inversion that takes place just prior 
to the knee. Beyond the 15-dB level, crossmodulation 
generally shows an improvement. 

If Gate No. 1 is also reverse biased in conjunction with 
Gate No. 2 in the manner shown in Fig. 6, Circuit B, then the 
overall performance is poorer because the Gate No. 1 voltage 
will tend to follow the knee of each curve. This occurrence is 
evident in Fig. 7, Curve B. If Gate No. 1 is biased as shown in 
Fig. 6, Circuit C, the Gate No. 1-to-Source voltage intercepts 
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the Gate No. 2 curves where the curvature is less severe, 
indicating as shown by Fig. 7, Curve C an improvement in 
crossmodulation performance. A further slight improvement 
is possible by the use of a higher initial operating drain 
current, which effectively moves the intercepts to the right 
on each curve. This improvement is indicated in Fig. 7, 
Curve D. 


The curves in Fig. 7 establish that the biasing 
arrangement which provides optimum crossmodulation 
performance is the one in which Gate No. 1 forward bias 
increases as Gate No. 2 controls the gain. This biasing 
arrangement is easily accomplished by the use of a fixed Gate 
No. 1 voltage and a source resistor. As the Gate No. 2 bias 
voltage reduces the drain current, there is also a decrease in 
source voltage and an increase in the Gate No. 1-to-Source 
voltage. The gate-to-source voltage ratings must not be 
exceeded under any circumstances. 


Summary 

An RF amplifier, ideally, should provide high gain, a 
low-noise figure, and low crossmodulation. The 3N200 offers 
a good compromise in providing these three features. As 
indicated in the section on “Stability Considerations” a 
mismatch at the circuit input to a higher conductance level, 
provides an improved noise figure. The same mismatch 
condition also improves crossmodulation performance. The 


_ input signal at the gate of the device, when mismatched as 


indicated above, is lower than if it is power matched. The 
same ratio applies to any undesired signal and, thus, reduces 
the possibility of crossmodulation interference. 


Appendix 
The drain current of a device is established by the 
relationship 


Ip = gfs VGis + Ips 


where: 
Ips = drain current 


at: 
VG1is=0, VG25 = +4 volts. 


If a source resistor is used, as shown in Fig. Al, the gate 
No. 1-to-source voltage is 


VGois=VG1-IDRs 
then 


Ip=8-,(VG1-ID Rs)+Ips_ or 


85 VGI IDs 
Ip =e _- FO 


1 + g¢. Rs 1+ ge. Rs 


Fig. Al — Bias circuit using the 3N200 


The typical curves in Fig. A2 show drain current vs. 
Gate No. 1-to-Source Voltage as a function of Ipg level. 
These curves are almost linear when the typical operating 
drain current is in the 10-milliampere region. For the 
remainder of the analysis a linear relationship will be 
assumed for the required range of quiescent current. The 
assumption of linearity dictates that ge, is a constant. 


The required range of drain current is Ip? - Ip] 


where: 
etfs Vol Ips (max.) 
Ip2 = + ———— 
1+ gp Rg 1+ gp, Rg 
” ts VG1 ' Ips (min.) 
l+ppsRg 1+ 86 Rs 
Ips (max.) - Ips (min.) Alps 
Alp = Ip - Ilpp = = 


1 + g¢s Rg 1 + gf, Rg 


Solving the above equation for Rg gives 
(Alps/AIp) - 1 
Rs Fee taney 
Efs 


where: 


Bfs is equal to the expected minimum value at the 
required Ip 


DRAIN CURRENT (Ip) —— mA 


GATE No.|- TO- SOURCE VOLTAGE (Vgig)—-V 


Fig. A2 — Drain current vs. gate No. 1-to-source voltage 
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Some Applications of a Programmable 


Power/Switch Amplifier 


by L. R. Campbell and H. A. Wittlinger 


The RCA-CA3094 unique monolithic programmable power 
switch/amplifier IC consists of a high-gain preamplifier driving 
a power-output amplifier stage. It can deliver average power of 
3 watts or peak power of 10 watts to an external load, and 
can be operated from either a single or dual power supply. 
This Note briefly describes the characteristics of the CA3094, 
and illustrates its use in the following circuit applications: 

Class A instrumentations and power amplifiers 


Class A driver-amplifier for complementary power tran- 
sistors 


Wide-frequency-range power multivibrators 
Current- or voltage-controlled oscillators 
Comparators (threshold detectors) 

Voltage regulators 

Analog timers (long time delays) 

Alarm systems 

Motor-speed controllers 

Thyristor-firing circuits 

Battery-charger regulator circuits 
Ground-fault-interrupter circuits 


Circuit Description 

The CA3094 series of devices offers a unique combination 
of circuit flexibility and power-handling capability. Although 
these monolithic IC’s dissipate only a few microwatts when 
quiescent, they have a high current-output capability (100 
milliamperes average, 300 milliamperes peak) in the active 
state, and the premium-grade devices can operate at supply 
voltages up to 44 volts. 

Fig. | shows a schematic diagram of the CA3094. The por- 
tion of the circuit preceding transistors Q}7 and Qj 3 is the 
preamplifier section and is generically similar to that of 
the RCA-CA3080 Operational Transconductance Amplifier 
(OTA).! 52 The CA3094 circuits can be gain-programmed by 
either digital and/or analog signals applied to a separate 
Amplifier-Bias-Current (lage) terminal (No. 5 in Fig. 1) to 
control circuit sensitivity. Response of the amplifier is es- 
sentially linear as a function of the current at terminal 5. 
This additional signal input ‘port’ provides added flexibility 
in many applications. Thus, the output of the amplifier is a 
function of input signals applied differentially at terminals 2 
and 3 and/or ina single-ended configuration at terminal 5. The 
output portion of the monolithic circuit in the CA3094 con- 
sists of a Darlington-connected transistor pair with access pro- 
vided to both the collector and emitter terminals to provide 
capability to “sink” and/or “source” current. 


EXTERNAL FREQUENCY i 
COMPENSATION OR INHIBIT INPUT C1) (7)Vv 


DIFFERENTIAL 
VOLTAGE 
INPUTS Q13 


AMPLIFIER 
BIAS INPUT 


‘Iagc) ) (DRIVE) 


OUTPUT 


OUTPUT | OUTPUT 
MODE TERM. 
“source"| 6 [2] 3 | 
“sink” [ 8 [3] 2 | 


Fig. 1—CA3094 circuit schematic diagram. 
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The CA3094 series of circuits consists of six types that dif- 
fer only in voltage-handling capability and package options, as 
shown beiow; other electrical characteristics are identical. 


Package Options Maximum Voltage Rating 
CA3094S; CA3094T 24V 
CA3094AS; CA3094AT 36 V 
CA3094BS; CA3094BT 44V 


The suffix “‘S” indicates circuits packaged in TO-5 enclosures 
with leads formed to an 8-lead dual-in-line configuration (0.1” 
pin spacing). The suffix “T” indicates circuits packaged in 8- 
lead TO-5 enclosures with straight leads. The generic CA3094 
type designation is used throughout this Note. 


Class A Instrumentation Amplifiers 

One of the more difficult instrumentation problems fre- 
quently encountered is the conversion of a differential input 
signal to a single-ended output signal. Although this conver- 
sion can be accomplished in a straightforward design through 
the use of classical op-amps, the stringent matching require- 
ments of resistor ratios in feedback networks make the con- 
version particularly difficult from a practical standpoint. 
Because the gain of the preamplifier section in the CA3094 
can be defined as the product of the transconductance 
and the load resistance (g,, Ry), feedback is not needed to 
obtain predictable open-loop gain performance. Fig. 2 shows 
the CA3094 in this basic type of circuit. 


DIFFERENTIAL == 
THE RMOCOUPLE '00 


PRE-AMP. GAIN (Ay)= Gm RL = (5) (10-4) (36) (103) = 180 
(OUTPUT AT TERMINAL |) 
FOR LINEAR OPERATION: DIFFERENTIAL INPUT s| +26 mV 


(WITH APPROX.1% 
DEVIATION FROM 
LINEARITY) 


OUTPUT VOLTAGE (Eg) =Ay (tegig¢) = (180426 mV)= £47 V 
OUTPUT CURRENT, Ion ¢2%, = 8.35 mA 
a Qm Ride ait) 


RE 92CS 20266 
Fig.2—Open-loop instrumentation amplifier with differential 
input and single-ended output. 


To 


The gain of the preamplifier section (to terminal No. 1) is 
8m Ry = (5 x 1073) (36 x 103) = 180. The transcon- 
ductance g,, is a function of the current into terminal No. 5, 
lapc, the amplifier-bias-current. In this circuit an [apc of 
260 microamperes results in a gy, of 5 millimhos. The oper- 
ating point of the output stage is controlled by the 2-kilohm 
potentiometer. With no differential input signal (egi¢¢ = 0), 
this potentiometer is adjusted to obtain a quiescent output 
current Ig of 12 milliamperes. This output current is estab- 
lished by the 560-ohm emitter resistor, Rp, as follows: 


~ (8mRL) (aiff) 


lo Re 


Under the conditions described, an input swing eqiff of +26 
millivolts produces a variation in the output current Io of 
+8.35 milliamperes. The nominal quiescent output voltage is 
12 milliamperes times 560 ohms or 6.7 volts. This output 
level drifts approximately —4 millivolts, or —0.0595 per cent, 
for each °C change in temperature. Output drift is caused by 
temperature-induced variations in the base-emitter voltage of 
the two output transistors, Qy 2 and Q}3. 

Fig. 3 shows the CA3094 used in conjunction with a re- 
sistive-bridge input network; and Fig. 4 shows a single-supply 


amplifier for thermocouple signals. The RC networks* con- 
nected between terminals | and 4 in Figs. 3 and 4 provide 


compensation to assure stable operation. 
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Fig.3—Single-supply differential-bridge amplifier. 
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Fig.4—Single-supply amplifier for thermocouple signals . 


class A Power Amplifiers 

The CA3094 is attractive for power-amplifier service be- 
cause the output transistor can control current up to 100 
milliamperes (300 milliamperes peak), the premium devices 


*The components of the RC network are chosen so that 


1 
ITRC = 2 MHz. 


(CA3094B) can operate at supply voltages up to 44 volts, and 
the TO-5 package can dissipate power up to 1.6 watts when 
equipped with a suitable heat sink that limits the case temper- 
ature to 55°C. 

Fig. 5 shows a Class A amplifier circuit using the CA3094A 
that is capable of delivering 280 milliwatts to a 350-ohm re- 
sistive load. This circuit has a voltage gain of 60 dB and a 


+15 V 


-I5V 
gars eves 


Fig.5—Class-A amplifier — 280-mW capability into a 
resistive load. 


3-dB bandwidth of about 50 kHz. Operation ts stable without 
the use of a phase-compensation network. Potentiometer R is 
used to establish the quiescent operating point for class A 
operation. 
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The circuit of Fig. 6 illustrates the use of the CA3094 in a 
class A power-amplifier circuit driving a transformer-coupled 
load. With dual power supplies of +7.5 volts and --7.5 volts, a 


* GEN. RADIO TYPE 1840-A 
OUTPUT POWER METER 
OR EQUIVALENT 


92CS- 20262 
Fig.6—Class-A amplifier with transformer-coupled load. 


base resistor Rp of 30 kilohms, and an emitter resistor Rp of 
50 ohms, CA3094 dissipation is typically 625 milliwatts. With 
supplies of +10 volts and —10 volts, Rp of 40 kilohms, and 
Rg of 45 ohms, the dissipation is 1.5 watts. Total harmonic 


distortion is 0.4 per cent at a power-output level of 220 
milliwatts with a reflected load resistance Rp of 310 ohms, 
and is 1.4 per cent for an output of 600 milliwatts with an 
Rp of 128 ohms. The setting of potentiometer R establishes 
the quiescent operating point for class A operation. The 
1-kilohm resistor connected between terminals 6 and 2 pro- 
vides dc feedback to stabilize the collector current of the out- 
put transistor. The ac gain is established by the ratio of the 
j-megohm resistor connected between terminals 8 and 3 and 
the 1-kilohm resistor connected to terminal 3. Phase compen- 
sation is provided by the 680-picofarad capacitor connected 
to terminal 1. 


Class A Driver-Amplifier for Complementary Power 
Transistors 

The CA3094 configuration and characteristics are ideal for 
driving complementary power-output transistors;3 a typical 
circuit is shown in Fig. 7. This circuit can provide 12 watts of 
audio power output into an 8-ohm load with intermodulation 
distortion (IMD) of 0.2 per cent when 60-Hz and 2-kHz sig- 
nals are mixed in a 4:1 ratio. Intermodulation distortion is 
shown as a fun¢tion of power output in Fig. 8. 

The large amount of loop gain and the flexibility of feed- 
back arrangements with the CA3094 make it possible to incor- 
porate the tone controls into a feedback network that is 
closed around the entire amplifier system. The tone controls 
in the circuit of Fig. 7 are part of the feedback network con- 
nected from the amplifier output (junction of the 330- and 
47-ohm resistors driven by the emitters of Q> and Q3) to 
terminal 3 of the CA3094. Fig. 9 shows voltage gain as a 
function of frequency with tone controls adjusted for “flat” 
response and for responses at the extremes of tone-control 
rotation. The use of tone controls incorporated in the 
feedback network results in excellent signal-to-noise ratio. 


Hum and noise are typically 700 microvolts (83 dB down) at: 


the output. 

In addition to the savings resulting from reduced parts 
count and circuit size, the use of the CA3094 leads to further 
savings in the power-supply system. Typical values of power- 
supply rejection and common-mode rejection are 90 dB and 
100 dB, respectively. An amplifier with 40-dB gain and 90-dB 
power-supply rejection would require a 31-millivolt power- 
supply ripple to produce one millivolt of hum at the output. 
Therefore, no filtering is required other than that provided by 


the energy-storage capacitors at the output of the rectifier sys- 
tem shown in Fig. 7. 


For applications in which the operating temperature range 
is limited (e.g., consumer service) the thermal compensation 
network (shaded area) can be replaced by a more economical 
configuration consisting of a resistor-diode combination (8.2 
ohms and 1N5391) as shown in Fig. 7. 
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For 12-W Audio Amplifier Circuit 
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Fig.7—12-watt amplifier circuit featuring true complementary-symmetry output stage with CA3094 in driver stage. 
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92CS- 20550 
Fig.8—Intermodulation distortion vs. power output. 
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Fig.9—Voltage gain vs. frequency. 


Power Multivibrators (Astable and Monostable) | 

The CA3094 is suitable for use in power multivibrators 
because its high-current output transistor can drive low-imped- 
ance circuits while the input circuitry and the frequency-deter- 
mining elements are operating at micropower levels. A typical 
example of an astable multivibrator using the CA3094 with a 
dual power supply is shown in Fig. 10. ‘The output frequency 


{OUT is determined as follows: 
1 


fOUT ~ oRCin[(2R1/R2) + 1] 


If R2 is equal to 3.08 R1, then {gy is simply the reciprocal 


of RC. 


four = 5 KHz 


-t$V 


I 
——————_ : If R2*3.08R, , foyp* aa 
1 : RC 

2RC fin a +1) 


NOTE: four * 


92C$-20290 
Fig. 10—Astable multivibrator using dual supply. 


Fig. 11 is a single-supply astable multivibrator circuit which 
illustrates the use of the CA3094 for flashing an incandescent 
lamp. With the component values shown, this circuit produces 
one flash per second with a 25-per-cent “‘on’’-time while de- 
livering output current in excess of 100 milliamperes. During 
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Fig.11—Astable multivibrator using single supply. 
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the 75-per-cent “off”-time it idles with micropower consump- 
tion. The flashing rate can be maintained within +2 per cent 
of the nominal value over a battery voltage range from 6 to 15 
volts and a temperature excursion from 0 to 70°C. The 
CA3094 series of circuits can supply peak-power output in 


excess of 10 watts when used in this type of circuit. The fre- 
quency of oscillation fosg¢ is determined by the resistor 


ratios, us follows: ; 


f, = 
RaR 
where Rl = ATS 
Ra + Rg 


Provisions can easily be made in the circuit of Fig. 11 to 
vary the multivibrator pulse length while maintaining an es- 


sentially constant pulse repetition rate. The circuit shown in 
Fig. 12 incorporates a potentiometer Rp for varying the 


width of pulses generated by the astable multivibrator to drive 


a light-emitting diode (LED). 


92CS-20408 
Fig.12—Astable power multivibrator with provisions for 


varying duty cycle. 

Fig. 13 shows a circuit incorporating independent controls 
(Ron and Rofrf) to establish the “on” and “off” periods of 
the current supplied to the LED. The network between points 
“A” and “B” is analogous in function to that of the 100- 
kilohm resistor R in Fig. 12. 
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Fig. 13—Astable power multivibrator with provisions for 


independent control of LED “on-off” periods. 


The CA3094 is also suitable for use in monostable multi- 
vibrators, as shown in Fig. 14. In essence, this circuit is a pulse 
counter in which the duration of the output pulses is inde- 
pendent of trigger-pulse duration. The meter reading is a func- 
tion of the pulse repetition rate which can be monitored with 


the speaker. 
+6V 
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Fig. 14—Power monostable multivibrator. 


Current- or Voltage-Controlied Oscillators 

Because the transconductance of the CA3094 varies lin- 
early as a function of the amplifier bias current (Ipc) sup- 
plied to terminal 5, the design of a current- or voltage-con- 
trolled oscillator is straightforward, as shown in Fig. 15. 
Fig. 16 and 17 show oscillator frequency as a function of 
Iapc for a current-controlled oscillator for two different 
values of capacitor C in Fig. 15. The addition of an appropri- 


4a7nKa 


CURRENT 
(INPUT 


OR ar 
4 


VOLTAGE 


INPUT 92CS-20557 


Fig. 15—Current- or voltage-controlled oscillator. 
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Fig. 16—Frequency as a function of |, Bc for C=1000 pF 
for circuit in Fig. 15. 


ate resistor (R) in series with terminal 5 in Fig. 15 converts the 
circuit into a voltage-controlled oscillator. Linearity with re- 
spect to either current or voltage control is within 1 per cent 
over the middle half of the characteristics. However, variation 
in the symmetry of the output pulses as a function of fre- 
quency is an inherent characteristic of the circuit in Fig. 15, 
and leads to distortion when this circuit is used to drive the 
phase detector in phase-locked-loop applications. This type of 
distortion can be eliminated by interposing an appropriate 
flip-flop between the output of the oscillator and the phase- 
locked discriminator circuits. 
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Fig. 17—Frequency as a function of | age for C=100 pF 
for circuit in Fig. 15. 


Comparators (Threshold Detectors) 

Comparator circuits are easily implemented with the 
CA3094, as shown by the circuits in Fig. 18. The circuit of 
Fig. 18(a) is arranged for dual-supply operation; the input volt- 
age exceeds the positive threshold, the output voltage swings 
essentially to the negative supply-voltage rail (it is assumed 
that there is negligible resistive loading on the output ter- 


minal). An input voltage that exceeds the negative threshold 
value results in a positive voltage output essentially equal to 
the positive supply voltage. The circuit in Fig. 18(b), con- 
nected for single-supply operation, functions similarly. 
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Fig. 18—Comparators (threshold detectors) — dual- and single-supply 
types. 


Fig. 19 shows a dual-limit threshold detector circuit: in 
which the high-level limit is established by potentiometer R1 
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Fig. 19—Dual-limit threshold detector. 

and the low-level limit is set by potentiometer R2 to actuate 
the CA3080 low-limit detector.!." A positive output signal is 
delivered by the CA3094 whenever the input signal exceeds 
either the high-limit or the lowimit values established by the 
appropriate potentiometer settings. This output voltage is ap- 
proximately |2 volts with the circuit shown. 

The high current-handling capability of the CA3094 makes 
it useful in Schmitt power-trigger circuits such as that shown 
in Fig. 20. In this circuit, a relay coil is switched whenever the 
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Fig.20—Precision Schmitt power-trigger circuit. 
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input signal traverses a prescribed upper or lower trip point. as 
defined by the following expressions: 


Upper Trip Point = 30 oe) 
R3 


Lower Trip Point = (30 — 0.026R1) R+R 


The circuit is applicable, for example, to automatic ranging. 
With the values shown in Fig. 20, the relay coil is energized 
when the input exceeds approximately 5.9 volts and remains 
energized until the input signal drops below approximately 
5.5 volts. 


Power-Supply Regulators 

The CA3094 is an ideal companion device to the CA3085 
series regulator circuits? in dual-voltage tracking regulators 
that handle currents up to 100 milliamperes. In the circuit of 
Fig. 21, the magnitude of the regulated positive voltage pro- 
vided by the CA3085A is adjusted by potentiometer R. A 
sample of this positive regulated voltage supplies the power 
for the CA3094A negative regulator and also supplies a refer- 


MAX IoyT? £100 mA 


$62 

+15 V 

© REG 
ouTeuT 


COMMON 
—O RETURN 


003 wF 


O 
OUTPUT 


@avO INPUT 


aV*INPUT RANGE =!9 TO 30 V 
FOR 18. Vv OUTPUT 

a@eV INPUT RANGE=—16 TO-30V 
FOR-IS V OUTPUT 


10 KD 


REGULATION: 
MAX LINE Vv 
* NOM 110010 075% /V 
[Your (iNTiaL)] 8 vin 
MAX LOAD + &Vour 


110050075 % V, 
Vour (INITIAL) Sur 


(1, FROM 1 TO 50 ma) 


92cm ~- 20560 


Fig.21—Dual-voltage tracking regulator. 


ence voltage to its terminal 3 to provide tracking. This circuit 
provides a maximum line regulation equal to 0.075 per cent 
per volt of input voltage change and a maximum load regula- 
of 0.075 per cent of the output voltage. 

Fig. 22 shows a regulated high-voltage supply similar to the 
type used to supply power for Geiger-Mueller tubes. The 
CA3094, used as an oscillator, drives a step-up transformer 
which develops suitable high voltages for rectification in the 
RCA44007 diode network. A sample of the regulated output 
voltage is fed to the CA3080A operational transconductance 
amplifier through the 198-megohm and 910-kilohm divider to 
control the pulse repetition rate of the CA3094. Adjustment 
of potentiometer R determines the magnitude of the regulated 
output voltage. Regulation of the desired output voltage is 
maintained within one per cent despite load-current variations 
of 5 to 26 microamperes. The dc-to-de conversion efficiency 
is about 48 per cent. 


Timers 

The programmability feature inherent in the CA3094 (and 
operational transconductance amplifiers in general) simplifies 
the design of presettable timers such as the one shown in 
Fig. 23. Long timing intervals (e.g., up to 4 hours) are achieved 
by discharging a timing capacitor C, into the signal-input ter- 
minal (e.g., No. 3) of the CA3094. This discharge current is 
controlled precisely by the magnitude of the amplifier bias 
current Iagc programmed into terminal 5 through a resistor 
selected by switch S2. Operation of the circuit is initiated by 
charging capacitor C, through the momentary closing of 
switch S;. Capacitor Cy starts discharging and continues dis- 
charging until voltage E, is less than voltage E>. The differ- 
ential input transistors in the CA3094 then change state, and 
terminal 2 draws sufficient current to reverse the polarity of 
the output voltage (terminal 6). Thus, the CA3094 not only 
has provision for readily presetting the time delay, but also 
provides significant output current to drive control devices 
such as thyristors. Resistor Rs limits the initial charging cur- 
rent for C;. Resistor R7 establishes a minimum voltage of at 
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Fig.22—Regulated high-voltage supply. 


least 1 volt at terminal 2 to insure operation within the 
common-mode-input range of the device. The diode limits the 
maximum differential input voltage to 5 volts. Gross changes 
in time-range selection are made with switch S2, and vernier 
trimming adjustments are made with potentiometer Rg. 
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Fig.23—Presettable analog timer. 


In some timer applications, such as that shown in Fig. 24, 
a meter readout of the elapsed time is desirable. This circuit 
uses the CA3094 and the CA3083 transistor array> 


to con- 


+30V 


soKa 
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trol the meter and a load-switching triac. The timing cycle 
starts with the momentary closing of the start switch to charge 
capacitor C, to an initial voltage determined by the 50-kilohm 
vernier timing adjustment. During the timing cycle, capacitor 
C, is discharged by the input bias current at terminal 3, 
which is a function of the resistor value Ry chosen by the 
time-range selection switch. During the timing cycle the out- 
put of the CA3094, which is also the collector voltage of Q), 


is “high”. The base drive for Q; is supplied from the positive 
supply through a 91-kilohm resistor. The emitter of Q), 
through the 75-ohm resistor, supplies gate-trigger current to 
the triac. Diode-connected transistors Q4 and Qs are con- 
nected so that transistor Q; acts as a constant-current source 
to drive the triac. As capacitor C; discharges, the CA3094 
output voltage at terminal 6 decreases until it becomes less 
than the Vcfeat Of Q). At this point the flow of drive cur- 
rent to the triac ceases and the timing cycle is ended. The 
20-kilohm resistor between terminals 2 and 6 of the CA3094 
is a feedback resistor. Diode-connected transistors Q7 and Q3 
and their associated networks serve to compensate for non- 
linearities in the discharge-circuit network by bleeding cor- 
rective current into the 20-kilohm feedback resistor. Thus, 
current flow in the meter is essentially linear with respect to 
the timing period. The time periods as a function of Ry are 
indicated on the Time-Range Selection Switch in Fig. 24. 
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Fig.24—Presettable timer with linear readout. 


Alarm Circuit 

Fig. 25 shows an alarm circuit utilizing two ‘‘sensor’ 
lines. In the ‘‘no-alarm”’ state, the potential at terminal 2 is 
lower than the potential at terminal 3, and terminal 5 (I, Bc) 
is driven with sufficient current through resistor Rs to keep 
the output voltage “high”. If either “sensor” line is opened, 
shorted to ground, or shorted to the other sensor line, the 


’ 


output goes “low” and activates some type of alarm system. 


The back-to-back diodes connected between terminals 2 and 3 
protect the CA3094 input terminals against excessive differen- 
tial voltages. 
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Fig.25—Alarm system. 


Motor-Speed Controller System 

Fig. 26 illustrates the use of the CA3094 in a motor-speed 
controller system. Circuitry associated with rectifiers D, and 
D> comprises a full-wave rectifier which develops a train of 
half-sinusoid voltage pulses to power the dc motor. The motor 
speed depends on the peak value of the half-sinusoids and the 
period of time (during each half-cycle) the SCR is conductive. 
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Fig.26—Motor-speed controller system. 


The SCR conduction, in turn, is controlled by the time dura- 
tion of the positive signal supplied to the SCR by the phase 
comparator. The magnitude of the positive dc voltage sup- 
_ plied to terminal 3 of the phase comparator depends on 
motor-speed error as detected by a circuit such as that shown 
in Fig. 27. This de voltage is compared to that of a fixed-am- 
plitude ramp wave generated synchronously with the ac-line- 
voltage frequency. The comparator output at terminal 6 is 
“high” (to trigger the SCR into conduction) during the period 


when the ramp potential is less than that of the error voltage 
on terminal 3. The motor-current conduction period is in- 
creased as the error voltage at terminal 3 is increased in the 
positive direction. Motor-speed accuracy of +1 per cent is 
easily obtained with this system. 


Motor-Speed Error Detector. Fig. 27(a) shows a motor- 
speed error detector suitable for use with the circuit of Fig. 26. 
A CA3080 operational transconductance amplifier is used as a 
voltage comparator. The reference for the comparator is es- 
tablished by setting the potentiometer R so that the voltage 
at terminal 3 is more positive than that at terminal 2 when the 
motor speed is too low. An error voltage E, is derived trom a 
tachometer driven by the motor. When the motor speed is too 
low, the voltage at terminal 2 of the voltage comparator is 
less positive than that at terminal 3, and the output voltage at 
terminal 6 goes “high”. When the motor speed is too high, the 
opposite input conditions exist, and the output voltage at ter- 
minal 6 goes “low”’. Fig. 27(b) also shows these conditions graph- 
ically, with a linear transition region between the “high” and 
“low” output levels. This linear transition region is known as 
“proportional bandwidth”. The slope of this region is deter- 


mined by the proportional bandwidth control to establish the 
error-correction response time. 
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Fig. 27—Motor speed error detector. 


Synchronous Ramp Generator. Fig. 28 shows a schematic 
diagram and signal waveforms for a synchronous ramp gener- 
ator suitable for use with the motor-controller circuit of 
Fig. 26. Terminal 3 is biased at approximately +2.7 volts 
(above the negative supply voltage). The input signal Eyy at 
terminal 2 is a sample of the half-sinusoids (at line frequency) 
used to power the motor in Fig. 26. A synchronous ramp sig- 
nal is produced by using the CA3094 to charge and discharge 
capacitor Cy in response to the synchronous toggling of Eyn. 
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Fig.28—Synchronous ramp generator with input and output 
waveforms. 


The charging current for Cy is supplied by terminal 6. When 
terminal 2 swings more positive than terminal 3, transistors 
Q)2 and Q)3 in the CA3094 (Fig. 1) lose their base drive and 
become non-conductive. Under these conditions, C, discharges 
linearly through the external diode D3 and the Qj, Dg path 
in the CA3094 to produce the ramp wave. The Ey, signal is 
supplied to the phase comparator in Fig. 26. 


Thyristor Firing Circuits 


Temperature Controller. In the temperature control system 
shown in Fig. 29, the differential input of the CA3094 is con- 
nected across a bridge circuit comprised of a PTC (positive- 
temperature-coefficient) temperature sensor, two 75-kilohm 
resistors, and an arm containing the temperature set control. 


ALL RESISTANCES IN OHMS - |/2 WATT 


Fig.29—Temperature controller. 


ICAN-6048 


When the temperature is “low”, the resistance of the PTC-type 
sensor is also low; therefore, terminal 3 is more positive than 
terminal 2 and an output current from terminal 6 of the 
CA3094 drives the triac into conduction. When the tempera- 
ture is “high”, the input conditions are reversed and the triac 
is cut off. Feedback from terminal 8 provides hysteresis to the 
control point to prevent rapid cycling of the system. The 
1.5-kilohm resistor between terminal 8 and the positive supply 
limits the triac gate current and develops the voltage for the 
hysteresis feedback. The excellent power-supply-rejection and 
common-mode-rejection ratios of the CA3094 permit accurate 
repeatability of control despite appreciable power-supply rip- 
ple. The circuit of Fig. 29 is equally suitable for use with 
NTC (negative-temperature-coefficient) sensors provided the 
positions of the sensor and the associated resistor R are inter- 
changed in the circuit. The diodes connected back-to-back 
across the input terminals of the CA3094 protect the device 
against excessive differential input signals. ° 
Thyristor Control from AC-Bridge Sensor. Fig. 30 shows a 
line-operated thyristor-firing circuit controlled by a CA3094 


that operates from an ac-bridge sensor. This circuit is particu- 
larly suited to certain classes of sensors that cannot be oper- 
ated from dc. The CA3094 is inoperative when the high side of 
the ac line is negative because there is no [,pc supply to 
terminal 5. When the sensor bridge is unbalanced so that 
terminal 2 is more positive than terminal 3, the output stage of 
the CA3094 is cut off when the ac line swings positive, and the 
output level at terminal 8 of the CA3094 goes “high”. Cur- 
rent from the line flows through the 1N3193 diode to charge 
the 100-microfarad reservoir capacitor, and also provides cur- 
rent to drive the triac into conduction. During the succeeding 
negative swing of the ac line, there is sufficient remanent en- 
ergy in the reservoir capacitor to maintain conduction in the 
triac. 


92C$ -20413 
Fig.30—Line-operated thyristor-firing circuit controlled by 
ac-bridge sensor. 


When the bridge is unbalanced in the opposite direction so 
that terminal 3 is more positive than terminal 2, the output of 
the CA3094 at terminal 8 is driven sufficiently “low” to 
“sink” the current supplied through the 1N3193 diode so 
that the triac gate cannot be triggered. Resistor R, supplies 
the hysteresis feedback to prevent rapid cycling between turn- 
on and turn-off. 


Battery-Charger Regulator Circuit 

The circuit for a battery-charger regulator circuit using the 
CA3094 is shown in Fig. 31. This circuit accurately limits the 
peak output voltage to 14 volts, as established by the zener 
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diode connected across terminals 3 and 4. When the output 
voltage rises slightly above 14 volts, signal feedback through a 
100-kilohm resistor to terminal 2 reduces the current drive 
supplied to the 2N3054 pass transistor from terminal 6 of the 
CA3094. An incandescent lamp serves as the indicator of 
charging-current flow. Adequate limiting provisions protect 
the circuit against damage under load-short conditions. The 
advantage of this circuit over certain other types of regulator 
circuits is that the reference voltage supply doesn’t drain the 
battery when the power supply is disconnected. This feature 
is important in portable service applications, such as in a 
trailer where a battery is kept ‘‘on-charge” when the trailer is 
parked and power is provided from an ac line. 
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Fig.31-—Battery-charger regulator circuit. 


Ground-Fault interrupters (GF1) 

Ground-fault-interrupter systems are used to continuously 
monitor the balance of current between the high and neutral 
lines of power-distribution networks. Power is interrupted 
whenever the unbalance exceeds a preset value (e.g., 5 milliam- 
peres). An unbalance of current can occur when, for example, 
defective insulation in the high side of the line permits leakage 
of current to an earth ground. GFI systems can be used to re- 
duce the danger of electrocution from accidental contact with 
a “high” line because the unbalance caused by the leakage of 


current from the “‘high” line through a human body to ground 
results in an interruption of current flow. 


492. 


the CA3094 is ideally suited for GFI applications because 
it can be operated from a single supply, has adequate sensi- 
tivity, and can drive a relay or thyristor directly to effect 
power interruption. Fig. 32 shows a typical GFI circuit. 
Vernier adjustment of the trip point is made by the RyRp ip 
potentiometer. When the differential current sensor supplies a 
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Fig.32—Ground fault interrupter (GFI) and waveform pertinent 
to ground fault detector. 
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signal that exceeds the selected trip-point voltage level (e.g., 
60 millivolts), the CA3094 is toggled “on” and terminal 8 
goes “low” to.energize the circuit-breaker trip: coil. Under 
quiescent conditions, the entire circuit consumes approximate- 
ly | milliampere. The resistor R, connected to one leg of the 
current sensor, provides current limiting to protect the 
CA3094 against voltage spikes as large as 100 volts. Fig. 32 
also shows the pertinent waveform for the GFI circuit. 


Because hazards of severe electrical shock are a potential 
danger to the individual user in the event of malfunctions in 


‘GFI apparatus, it is mandatory that the highest standards of 


good engineering practice be employed in designing equipment 
for this service. Every consideration in design and application 
must be given to the potentially serious consequences of com- 
ponent malfunction in such equipment. Use of “reliability- 
through-redundancy” concepts and so-called “fail-safe” fea- 
tures is encouraged. 
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An IC Operational-Transconductance-Amplifier 


(OTA) With Power Capability 


by L. Kaplan and H. Wittlinger 


In 1969, RCA introduced the first triple operational- 
transconductance-amplifier or OTA. The wide acceptance of 
this new circuit concept prompted the development of the 
single, highly linear operational-transconductance-amplifier, 
the CA3080. Because of its extremely linear transconduct- 
ance characteristics with respect to amplifier bias current, the 
CA3080 gained wide acceptance as a gain-control block. The 
CA3094 improved on the performance of the CA3080 
through the addition of a pair of transistors; these transistors 
extended the current-carrying capability to 300 milliamperes, 
peak. This new device, the CA3094, is useful in an extremely 
broad range of circuits in consumer and_ industrial 
applications; this paper describes only a few of the many 
consumer applications. 


WHAT IS AN OTA? 

The OTA, operational-transconductance-amplifier, con- 
cept is as basic as the transistor; once understood, it will 
broaden the designer’s horizons to new boundaries and make 
realizable designs that were previously unobtainable. Fig. | 
shows an equivalent diagram of the OTA. The differential 
input circuit is the same as that found on many modern 
operational amplifiers. The remainder of the OTA is 
composed of current mirrors as shown in Fig. 2. The 
geometry of these mirrors is such that the current gain is 
unity. Thus, by highly degenerating the current mirrors, the 
output current is precisely defined by the differential-input 
amplifier. Fig. 3 shows the output-current transfer-character- 
istic of the amplifier. The shape of this characteristic remains 
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Fig. 1— Equivalent diagram of the OTA. 
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Fig. 2— Current mirrors W, X, Y, and 2 used in the OTA. 


constant and is independent of supply voltage. Only the 
maximum current is modified by the bias current. 

The major controlling factor in the OTA is the input 
amplifier bias current [ABC; as explained in Fig. 1, the total 
output current and gm are controlled by this current. In 
addition, the input bias current, input resistance, total supply 
current, and output resistance are all proportional to this 


amplifier bias current. These factors provide the key to the 
performance of this most flexible device, an idealized 
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Fig. 3— The output-current transfer-characteristic of the 
OTA is the same as that of an idealized differential 
amplifier. 


differential amplifier, i.e., a circuit in which differential input 
to single-ended output conversion can be realized. With this 
knowledge of the basics of the OTA, it is possible to explore 
some of the applications of the device. 


DC Gain Control 

The methods of providing dc gain-control functions are 
numerous. Each has its advantage — simplicity, low cost, high 
level control, low distortion. Many manufacturers who have 
nothing better to offer propose the use of a four-quadrant 
multiplier. This is analogous to using an elephant to carry a 
twig. It may be elegant but it takes a lot to keep it going! 
When operated in the gain-control mode, one input of the 
standard transconductance multiplier is offset so that only 
one half of the differential input is used; thus, one-half of the 
multiplier is being thrown away. 

The OTA, while providing excellent linear amplifier 
characteristics, does provide a simple means of gain control. 
For this application the OTA may be considered the 
realization of the ideal differential amplifier in which the full 
differential amplifier gm is converted to a single-ended 
output. Because the differential amplifier is ideal, its gm is 
directly proportional to the operating current of the 
differential-amplifier; in the OTA the maximum output 
current is equal to the amplifier bias current [ABC. Thus, by 
varying the amplifier bias current, the amplifier gain may be 
varied: A= Gm Ry where Ry is the output load resistance. 
Fig.4 shows the basic configuration of the OTA dc 
gain-control circuit. ! 

As long as the differential input signal to the OTA 
remains under 50-millivolts peak-to-peak, the deviation from 
a linear transfer will remain under 5 percent. Of course, the 
total harmonic distortion will be considerably less than this 
value. Signal excursions beyond this point only result in an 
undesired ‘‘compressed” output. The reason for this 
compression can be seen in the transfer characteristic of the 
differential amplifier in Fig. 3. Also shown in Fig. 3 is a curve 
depicting the departure from a linear line of this transfer 
characteristic. 
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Fig. 4— Basic configuration of the OTA dc gain-control 


circuit. 
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The actual performance of the circuit shown in Fig. 4 is 
plotted in Fig.5. Both signal-to-noise ratio and total 
harmonic distortion are shown as a function of signal input. 
Figs. 5(b) and (c) show how the signal-handling capability of 
the circuit is extended through the connection of diodes on 
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Fig. 5— Performance curves for the circuits of Figs. 4 and 6. 


the input as shown in Fig. 6.2 Fig. 7 shows total system gain 
as a function of amplifier bias current for several values of 
diode current. Fig. 8 shows an oscilloscope photograph of 
the CA3080 transfer characteristic as applied to the circuit of 
Fig. 4. The oscilloscope photograph of Fig. 9 was obtained 
with the circuit shown in Fig. 6. Note the improvement in 
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Fig.6—- A_ circuit showing how the _ signal-handling 
capability of the circuit of Fig. 4 can be extended 
through the connection of diodes on the input. 
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Fig. 8— Oscilloscope photograph of the CA3080 transfer 
characteristic as applied to the circuit of Fig. 4. 
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Fig. 9— Oscilloscope photograph of the CA3080 transfer 


characteristic as applied to the circuit of Fig. 6. 


linearity of the transfer characteristic. Reduced input 
impedance does result from this shunt connection. Similar 
techniques could be used on the OTA output, but then the 
output signal would be reduced and the correction circuitry 
further removed from the source of non-linearity. It must be 
emphasized that the input circuitry is differential. 


Simplified Differential-Input to Single-Ended 
Output Conversion 

One of the more exacting configurations for operational 
amplifiers is the differential-to-single-ended conversion 
circuit. Fig. 10 shows some of the basic circuits that are 
usually employed. The ratios of the resistors must be 
precisely matched to assure the desired common-mode 
rejection. Fig. 11 shows another system using the CA3080 to 
obtain this conversion without the use of precision resistors. 
Differential input signals must be kept under +26-millivolts 
for better than 5-percent non-linearity. The common-mode 
range is that of the CA3080 differential amplifier. In 
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addition, the gain characteristic follows the standard 
differential-amplifier Gm-temperature coefficient of 
—0.3%/°C. Although the system of Fig. 11 does not provide 
the precise gain control obtained with the standard 
operational-amplifier approach, it does provide a good simple 
compromise suitable for many differential transducer- 
amplifier applications. 
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Fig. 10— Some typical differential-to-single-ended conversion 
circuits. 


THE CA3094 

The RCA CA3094 offers a unique combination of 
characteristics that suit it ideally to use as a programmable 
gain block for audio power amplifiers. It is a transconduct- 
ance amplifier in which gain and open-loop bandwidth can be 
controlled between wide limits. The device has a large reserve 
of output-current capability, and breakdown and power- 
dissipation ratings sufficiently high to allow it to drive a 
complementary pair of transistors. For example, a 12-watt 
power-amplifier stage (8-ohm load) can be driven with peak 
currents of 35 milliamperes (assuming a minimum output- 
transistor beta of 50) and supply voltages of +18 volts. In 
this application, the RCA CA3094A is operated substantially 
below its supply-voltage rating of 44-volts max. and its 
dissipation rating of 1.6-watts max. Also in this application, a 
high value of open-loop gain suggests the possibility of 
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Fig. 11— A_ differential-to-single-ended conversion circuit 
without precision resistors. 


precise adjustment of frequency-response characteristics by 
adjustment of impedances in the feedback networks. 


implicit Tone Controls 

In addition to low distortion, the large amount of loop 
gain and flexibility of feedback arrangements available when 
using the CA3094 make it possible to incorporate the tone 
controls into the feedback network that surrounds the entire 
amplifier system. Consider the gain requirements of a 
phonograph playback system that uses a typical high-quality 
magnetic cartridge.3 A desirable system gain would result in 
from 2 to 5 watts of output at a recorded velocity of 1 cm/s. 
Magnetic pickups have outputs typically ranging from 4 to 
10 millivolts at 5 cm/s. To get the desired output, the total 
system needs about 72 dB of voltage gain at the reference 
frequency. 

Fig. 12 is a block diagram of a system that uses a passive 
or “‘losser”-type of tone-control circuit that is inserted ahead 
of the gain control. Fig. 13 shows a system in which the tone 
controls are implicit in the feedback circuits of the power 
amplifier. Both systems assume the same noise input voltage 
at the equalizer and main-amplifier inputs. The feedback 
system shows a small improvement (3.8 dB) in signal-to-noise 
ratio at maximum gain but a dramatic improvement (20 dB) 
at the zero gain position. For purposes of comparison, the 
assumption is made that the tone controls are set “flat” in 
both cases. 


Cost Advantages 

In addition to the savings resulting from reduced parts 
count and circuit size, the use of the CA3094 leads to further 
savings in the power-supply system. Typical values of 
power-supply rejection and common-mode rejection are 90 
and 100 dB, respectively. An amplifier with 40 dB of gain 
and 90dB of power-supply rejection would require 316 
millivolts of power-supply ripple to produce one millivolt of 
hum at the output. Thus, no further filtering is required 
other than that given by the energy-storage capacitor at the 
output of the rectifier system. 


POWER AMPLIFIER USING THE CA3094 

A complete power amplifier using the CA3094 and three 
additional transistors is shown schematically in Fig. 14. The 
amplifier is shown in a single-channel configuration, but 
power-supply values are designed to support a minimum of 
two channels. The output section comprises Q] and Q2, 
complementary epitaxial units connected in the familiar 
“bootstrap” arrangement. Capacitor C3 provides added base 
drive for QI during positive excursions of the output. The 
circuit can be operated from a single power supply as well as 
from a split supply as shown in Fig. 15. The changes required 
for 14.4-volt operation with a 3.2-ohm speaker are also 
indicated in the diagram. 

The amplifier may also be modified to accept input from 
ceramic phonograph cartridges. For standard inputs 
(equalizer preamplifiers, tuners, etc.) C1 is 0.047, R1 is 250 
kilohms, and R2 and C2 are omitted. For ceramic-cartridge 
inputs, C1 is 0.0047, RI is 2.5 megohms, and the jumper 
across C2 is removed. 


Output Biasing 

Instead of the usual two-diode arrangement for establish- 
ing idling currents in QI and Q2, a “Vbe Multiplier”, 
transistor Q3, is used. This method of biasing establishes the 
voltage between the base of QI and the base of Q2 at a 
constant multiple of the base-to-emitter voltage of a single 
transistor while maintaining a low variational impedance | 
between its collector and emitter (see Appendix A). If 
transistor Q3 is mounted in intimate.thermal contact with 
the output units, the operating temperature of the heat sink 
forces the Vpe of Q3 up and down inversely with heat-sink 
temperature. The voltage bias between the bases of QI and 
Q2 varies inversely with heat-sink temperature and tends to 
keep the idling current in Q1 and Q2 constant. 

A bias arrangement that can be accomplished at lower 
cost than those already described replaces the Vbe multiplier 
with a 1N5391 diode in series with an 8.2-ohm resistor. This 
arrangement does not provide the degree of bias stability of 
the Vpe multiplier, but is adequate for many applications. 


Tone-Controls 
The tone controls, the essential elements of the feedback 
system, are located in two sets of parallel paths. The bass 
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Fig. 15— A power amplifier operated from a single supply. 


network includes R3, R4, RS, C4, and CS. C6 blocks the dc 
from the feedback network so that the dc gain from input to 
the feedback takeoff point is unity. The residual dc-output- 


Rit + R12 
R12 
where Ry is the source resistance. The input bias current is 

IABC (Vcc — Vbe) 
then = = - —5> — 
26 2BR6 
R7, R8, R9, R10, C7, C8, C9, and C10. Resistors R7 and R9 
limit the maximum available cut and boost, respectively. The 
boost limit is useful in curtailing heating due to finite 
turn-off time in the output units. The limit is also desirable 


voltage at the speaker terminals is then IABC R} 


. The treble network consists of 


when there are tape recorders nearby. The cut limit aids the 
stability of the amplifier by cutting the loop gain at higher 
frequencies where phase shifts become significant. 

In cases in which absolute stability under all load 
conditions is required, it may be necessary to insert a small 
inductor in the output lead to isolate the circuit from 
capacitive loads. A 3-microhenry inductor (1 ampere) in 
parailel with a 22-ohm resistor is adequate. The derivation of 
circuit constants is shown in Appendix B. Curves of control 
action versus electrical rotation are also given. 


Performance 
Fig. 16 is a plot of the measured response of the 
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Fig. 17— Total harmonic distortion of the amplifier with an 
unregulated power supply. 


complete amplifier at the extremes of tone-control rotation. 
A comparison of Fig. 16 with the computed curves of 
Fig. B4 (Appendix B) shows good agreement. The total 
harmonic distortion of the amplifier with an unregulated 
power supply is shown in Fig. 17; 1M distortion is plotted in 
Fig. 18. Hum and noise are typically 700 microvolts at the 
output, or 83-dB down. 


COMPANION RIAA PREAMPLIFIER 
Many available preamplifiers are capable of providing the 
drive for the power amplifier of Fig. !4. Yet the unique 
characteristics of the amplifier - its power supply, input 
impedance, and gain - make possible the design of an RIAA 
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Fig. 13— A system in which tone controls are implicit in the feedback circuit of the 


IM DISTORTION—PER CENT 


ICAN-6077 


preamplifier that can exploit these qualities. Since the input 
impedance of the amplifier is essentially equal to the value of 
the volume-control resistance (250 kilohms), the preamplifier 
need not have high output-current capability. Because the 
gain of the power ainplifier is high (40 dB) the preamplifier 
gain only has to be approximately 30 dB at the reference 
frequency (1 kHz) to provide optimum system gain. 

Fig. 19 shows the schematic diagram of a CA3080 
preamplifier. The CA3080, a low-cost OTA, provides 
sufficient open-loop gain for all the bass boost necessary in 
RIAA compensation. For example, a gm of 10,000 
micromhos with a load resistance of 250 kilohms provides an 
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Fig. 18— 1M distortion of the amplifier with an unregulated 
supply. 


open-loop gain of 68 dB, thus allowing at least 18 dB of loop 
gain at the lowest frequency. The CA3080 can be operated 
from the same power supply as the main amplifier with only 
minimal decoupling because of the high power-supply 
rejection inherent in the device circuitry. In addition, the 
high voltage-swing capability at the output enables the 
CA3080 preamplifier to handle badly over-modulated (over- 
cut) recordings without overloading. The accuracy of 
equalization is within +1 dB of the RIAA curve, and 
distortion is virtually unmeasurable by classical methods. 
Overload occurs at an output of 7.5 volts, which allows for 
undistorted inputs of up to 186 millivolts (260 millivolts 


peak). 
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Fig. 19— A CA3080 preamplifier. 
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APPENDIX A — Vibe MULTIPLIER 


The equivalent circuit for the Vpe multiplier is shown 
in Fig. Al. The voltage Ej is given by: 


_Ru _ Ri 
=e Ba ¥ee|!* ee | 


The value of Vbe is itself dependent on the emitter 
current of the transistor, which is, in turn, dependent on 
the input current I since: 


(Al) 


Vbe 
[errr A2 
e R2 (A2) 


The derivative of Eq. Al with respect to I yields the 
incremental impedance of the Vpe multiplier: 


dE] Rl BRI K3R2 

—— = Z = ——+ 1 + _ 

dl Bt (B+1) R2YR21e+K3 
where K3 is a constant of the transistor QI and can be 
found from: 


(A3) 


Vbe = K3Inle ae K? (A4) 


Fig. A1— Equivalent circuit for the Vpe multiplier. 


Eq. A4 is but another form of the diode equation:4 


qVbe 
ert KT -- ' 


Using the values shown in Fig. 14 plus data on the 
2N5494 (a typical transistor that could be used in the 
circuit), the dynamic impedance of the circuit at a total 
current of 40 milliamperes is found to be 4.6 ohms. In 
the actual design of the Vbe multiplier, the value of IR2 
must be greater than Vpe or the transistor will never 
become forward biased. 


(AS) 


APPENDIX B — TONE CONTROLS 


Fig. Bl shows four operational-amplifier circuit con- 
figurations and the gain expressions for each. The asymp- 
totic low-frequency gain is obtained by letting S approach 
zero in each case: 


Bass Boost: ALow = ee 
Bass Cut: ALow = ee 
Treble Boost: ALow = a 
Treble Cut: ALow = we 


The asymptotic high-frequency gain is obtained by letting 
S increase without limit in each expression: 


RI+R2 
Bass boost; AHigh = — RD 

RI+R2 
Bass cut: AHigh = R39 

4 
Treble boost: AHigh = 1+ Cl (cect) 
C1C4 
+ ——————— 
Treble cut: AHigh =O? * Ci 
C1+C2 


Note that the expressions for high-frequency gain are 
identical for both bass circuits, while the expressions for 
low-frequency gain are identical for the treble circuits. 

Fig. B2 shows cut and boost bass and treble controls 
that have the characteristics of the circuits of Fig. Bl. 
The value REEF in the treble controls of Fig. BI is 
derived from the parallel combination of RI and R2 of 
Fig. B2 when the control is rotated to its maximum 
counterclockwise position. When the control is rotated to 
its maximum clockwise position, the value is equal to 
RI. 

To compute the circuit constants, it is necessary to 
decide in advance the amounts of boost and cut desired. 
The gain expressions of Fig. B1 indicate that the slope of 
the amplitude versus frequency curve in each case will be 
6 dB per octave (20 dB per decade). If the ratios of 
boosted and cut gain are set at 10, i.e.: 


Bass circuit: ALow(Boost) = !0 AMid 


AMid 
ALow (Cut) = 79 


Treble Circuit: AHigh (Boost) = 10 AMid 


10 AMid 


then the following relationships result: 


Bass circuit: RI =10R2 
R3 =99 R2 

Treble circuit: Cl=10C4 
10 C4 

C2= 79 


The unaffected portion of the gain (A high for the bass 
control and A low for the treble control) is 11 in each 
case. 


To make the controls work symmetrically, the low- 
and high-frequency break points must be equal for both 
boost and cut. 

Thus: 


Bass Control: C1 R3 (RI+R2) _ C2 R2R3 


RI+R2+R3  ~—- R2+R3 
_ C2 R3 (RI+R2) 
and C1 R3 URE 
since R3~R2+R3, C2=10C1 
(C1C4+C3C4+C1C3) 
Treble Control: R1 ee ok oy Sa 
_ RIR2 
RitR? (C1+C2) 
_(RIR2 \(C1C4+C2C4+C1C2) 
ane nee (R,) (C1#C4) 
since Cl = 100C2, C2 = C3 and C1 


= 10C4, RI =9R2 
To make the controls work in the circuit of Fig. 14, 
breaks were set at 1000 Hz: 
_ l 
0.1C1R3 = 57x1000 
cea ol 
27x 1000 


for the base control 


and for the treble control RIC3= 


Response and Control Rotation 

In a practical design, it is desirable to make “flat” 
response correspond to the 50-percent rotation position 
of the control, and to have an aural sensation of smooth 
variation of response on either side of the mechanical 
center. It is easy to show that the “flat” position of the 
bass control occurs when the wiper arm is advanced to 


Ry +Ro+R3 
A LOW FREQ © ———> 


(a) BASS BOOST 


Ry + Ba+ Rg 


1+SC 
Ro 2( 


(AQA3 + RyR3) 

1+Sc a ee 
Aes (asain) Tiny + Az + Ry) “a + Se (R2R3 + AYR 
R2 T+ SR3Cy A fas ae) ?(Ry + RZ * Rg) 


A LOW FREQ = ~ Fp+Ra 


{b) BASS CUT 
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Eo Eo 
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(d) TREBLE CUT 


(c) TREBLE BOOST 


Fig. 81— Four operational-amplifier circuit configurations and the gain expressions for each. 
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Fig. B2— Cut and boost bass and treble controls that have the 
characteristics of the circuits of Fig. B1. 
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Fig. B4— The information of Fig. B3 plotted as a function of electrical rotation. 


GAIN — 48 


Eg/Es — 4B 


10 100 1000 10K 100K 
FREQUENCY— Hz 


Fig. B3--A plot of the response of the circuit of Fig. 14 with sess and treble tone 
controls combined at various settings of both controls. 


91-percent of its total resistance. The amplitude response 
of the treble control is, however, never completely “flat’’; 
a computer was used to generate response curves as 
controls were varied. 

Fig. B3 is a plot of the response with bass and treble 
tone controls combined at various settings of both con- 
trols. The values shown are the practical ones used in the 
actual design. Fig. B4 shows the information of Fig. B3 
replotted as a function of electrical rotation. The ideal 
taper for each control would be the complement of the 


100-Hz plot for the bass control and the 10-kHz response 
for the treble control. The mechanical center should 
occur at the crossover point in each case. 


References* 


1. “Applications of the CA3080 and CA3080A_ High- 
Performance Operational Transconductance Ampli- 
fiers,” H. A. Wittlinger, RCA Application Note ICAN- 
6668 


2. “A New Wide-band Amplifier Technique,” B. Gilbert, 
IEEE Journal of Solid State Circuits, Vol. SC-3, No. 
4, December, 1968. 

3. “Trackability,” James A. Kogar, Audio, December 
1966 

4. RCA Linear Integrated Circuits Manual, RCA Tech- 
nical Series IC-42 


ELECTRICAL ROTATION OF TREBLE CONTROL 


*RCA publications available through RCA Solid State 
Division, Box 3200, Somerville, N.J., 08876. 


497 


ICAN-6157 


Applications of the CA3085-Series 
Monolithic IC Voltage Regulators 


by A. C. N. Sheng and L. R. Avery 


The RCA-CA3085, CA3085A, and CA3085B monolithic 
IC’s are positive-voltage regulators capable of providing output 
currents up to 100 milliamperes over the temperature range 
from —55° to +125°C. They are supplied in 8-lead TO-5 type 
packages; their characteristics and ratings are given in RCA 
Data File No. 491. The following tabulation shows some key 
characteristics and salient differences between devices in the 
CA3085 Series. 


Vin(Vp Vout(Vo) Max. Max. Load 
Type Range Range Iout(lo) Regulation 
Vv Vv mA 2VQO 
CA3085 = 7.5~30 1.8—-26 12" 0.1 
CA3085A 7.5-40 1.7-36 100 0.15 
CA3085B 7.5—SO0  1.7-46 100 0.15 


* This value may be extended to 100 mA; however, regulation 
is not specified beyond 12 mA. 


In addition to these differences, the range of some specified 
performance parameters is more tightly controlled in the 
CA3085B than in the CA3085A, and more in the CA3085A 
than in the CA3085. 


This Note describes the basic circuit of the CA3085-series 
devices and some typical applications that include a high- 
current regulator, constant-current regulators, a switching regu- 
lator, a negative-voltage regulator, a dual-tracking regulator, 
high-voltage regulators, and various methods of providing cur- 
rent limiting. A circuit in which the CA3085 is used as a gen- 
eral-purpose amplifier is also shown. 


CIRCUIT DESCRIPTION 


The block diagram of the CA3085-series circuits is shown 
in Fig. 1. Fundamentally, the circuit consists of a frequency- 
compensated error-amplifier which compares an internally 
generated reference voltage with a sample of the output voltage 
and controls a series-pass amplifier to regulate the output. The 
starting circuit assures stable latch-in of the voltage-reference 
circuitry. The current-limiting portion of the circuit is an op- 
tional feature that protects the IC in the event of overload. 

Terminal 5 providés a source of stable fefererice voltage for 
auxiliary use; a current of about 250 microamperes can be 
supplied to an external circuit without significantly disturbing 
reference-voltage stability. If necessary, filtering of the inherent 
noise of the reference-voltage circuit can be accomplished by 
connecting a suitable bypass capacitor between terminals 5 
and 4. 


COMPENSATION AND 
EXTERNAL INHIBIT 


CURRENT 
BOOSTER 


UNREGULATED 
input (Vy) 


CURRENT 


(8) LIMITING 


92CS-1809) 


Fig. 1— Block diagram of CA3085 series. 


Terminal 6 (the “inverting input” in accordance with opera- 
tional-amplifier terminology) is the input through which a 
sample of the regulated output voltage is applied. 

The collector of the series-pass output transistor is brought 
out separately at terminal 2 (‘‘current booster”) to provide 
base drive for an external p-n-p transistor; this approach is one 
method of regulating currents greater than 100 milliamperes. 

Because the voltage regulator is essentially an operational 
amplifier having considerable feedback, frequency compensa- 
tion is necessary in some circuits to prevent oscillations. 
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Terminal 7 is provided for external frequency compensation; it 
can also be used to “inhibit” (strobe, squelch, pulse, key) the 
operation of the series-pass amplifier. 
Brief Description of CA3085 Schematic Diagram 

The schematic diagram of the CA3085-series circuits is 
shown in Fig. 2. The left-hand section includes the starting cir- 
cuit, the voltage-reference circuit, and the constant-current 
circuit. The center section is basically an elementary opera- 
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Fig. 2— Schematic diagram of CA3085 series. 


tional amplifier which serves as the voltage-error amplifier. It 
controls the series-pass Darlington pair (Q13, Q14) shown in 
the right-hand section. When controlled by an appropriate ex- 
ternal sensing network, transistor Q15 serves to provide pro- 
tective current-limiting characteristics by diverting base drive 
from the series-pass circuit. For operation at the highest cur- 
rent levels, terminals 2 and 3 are tied together to eliminate the 
voltage drop which would otherwise be developed across 
resistor RS. 


Voltage-Reference Circuits 

The basic voltage-reference element used in the CA3085 is 
zener diode D3. It provides a nominal reference voltage of 5.5 
volts and exhibits a positive temperature coefficient of approx- 


imately 2.5 millivolts/°C. If this reference voltage were used 
directly in conjunction with the error-amplifier (QS, Q6, etc.), 
the IC would exhibit two major undesirable characteristics: 
(1) its performance with temperature variations would be poor, 
and (2) its use as a regulator would be restricted to circuits in 
which the minimum regulated output voltages are in excess of 
5.5 volts. Consequently, it is necessary to provide means of 
compensating for the positive temperature coefficient of D3 
and at the same time provide for obtaining a stable source of 
lower reference voltage. Both temperature compensation and 
the reduction of the reference voltage are accomplished by 
means of the series divider network consisting of the base- 
emitter junction of Q3, diode D4, resistors R2 and R3, and 
diode 5. 

The voltage developed across D3 drives the divider network 
and a voltage of approximately 4 volts is developed between 
the cathode of D4 and the cathode of DS (terminal 4). The 
current through this divider network is held nearly constant 
with temperature because of the combined temperature coef- 
ficients of the zener diode (D3), Q3 base-emitter junction, D4 

DS,and the resistors R2 and R3. This constant current through 
the diode DS and the resistor R3 produces a voltage drop be- 
tween terminals 4 and 5 that results in the reference voltage 
(* 1.6 volts) having an effective temperature coefficient of 
about 0.0035 per cent/°C. 

The reference diode D3 receives a current of approximately 
620 microamperes from a constant-current circuit consisting of 
Q3 and the current-mirror* D6, QI, and Q2. Current to 
startup the constant-current source initially is provided by 
auxiliary zener diode D1 and R1. Diode D2 blocks current 
from the R1-D1 source after latch-in of the constant-current 
source establishes a stable reference potential, and thereby pre- 
vents modulation of the reference voltage by ripple voltage on 
the unregulated input voltage. 


Voltage-Error Amplifier 

Transistors QS and Q6 comprise the basic differential ampli- 
fier that is used as a voltage-error amplifier to compare the 
stable reference voltage applied at the base of Q5 with a 
sample of the regulator output voltage applied at terminal 6. 
The D5-Q4 combination is a current-mirror which maintains 
essentially constant-current flow to QS and Q6 despite varia- 
tions in the unregulated input voltage. The Q8, Q9, and D7 
network provides a “mirrored” active collector load for QS 
and Q6 and also provides a variable single-ended drive to the 
QI3 and Q14 series-pass transistors in accordance with the dif- 
ference signal developed between the bases of Q5 and Q6. The 
open-loop gain of the error-amplifier is greater than 1000. 


Series-Pass and Current-Limiting Circuits 

In the normal mode of operation, or in the current-boost 
mode when terminals 2 and 3 are tied together, the Darlington 
pair Q13-Q14 performs the basic series-pass regulating function 
between the unregulated input voltage and the regulated output 
voltage at terminal |. In the current-limiting mode transistor 
QI5 provides current-limiting to protect the CA3085 and/or 
limit the load current. To provide current-limiting protection, 
a resistor (e.g., 5 ohms) is connected between terminals 1 and 8; 
terminal 8 becomes the source of regulated output voltage. As 
the voltage drop across this resistor increases, base drive is sup- 
plied to transistor Q15 so that it becomes increasingly conduc- 
tive and diverts base drive from the Q13-Q14 pass transistor to 
reduce output current accordingly. Resistor R4 is provided to 
protect Q15 against overdrive by limiting its base current under 
transient and load-short conditions. 

Because the CA3085 regulator is essentially an op-amp 
having considerable feedback, frequency compensation may be 
required to prevent oscillations. Stability must also be main- 
tained despite line and load transients, even during operation 
into reactive loads (e.g., filter capacitors). Provisions are in- 
cluded in the CA3085 so that a small-value capacitor may be 
connected between terminals 6 and 7 to compensate the regu- 
lator, when necessary, by “rolling-off” the amplifier frequency- 
response. Terminal 7 is also used to externally “inhibit” opera- 
tion of the CA3085 by diverting base current supplied to Q13- 
Q14, thereby permitting the use of keying, strobing, program- 
ming, and/or auxiliary overload-protection circuits. 


* The fundamentals of current-mirror theory are reviewed in 
the Appendix of Application Note ICAN-6668. 


APPLICATIONS 


A Simple Voltage Regulator 

Fig. 3 shows the schematic diagram of a simple regulated 
power supply using the CA3085. The ac supply voltage is 
stepped down by T1, full-wave rectified by the diode bridge 
circuit, and smoothed by the large electrolytic capacitor C1 to 
provide unregulated dc to the CA3085 regulator circuit. Fre- 
quency compensation of the error-amplifier is provided by 
capacitor C2. Capacitor C3 bypasses residual noise in the 
reference-voltagé source, and thus decreases the incremental 


noise-voltage in the regulator circuit output. 
52 
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Fig. 3— Basic power supply. 


Because the open-loop gain of the error-amplifier is very 
high (greater than 1000), the output voltage may be directly 
calculated from the following expression: 


~ (R2+ RI) 
Vo =a, Vref Q) 


In the circuit shown in Fig. 3, the output voltage can be ad- 
justed from 1.8 volts to 20 volts by varying R2. The maximum 
output current is determined by Rgc; load-regulation charac- 


teristics for various values of Rgc are shown in Fig. 4. 


V"1)215V 
OUTPUT VOLTAGE (V*9)#10V 
AMBIENT TEMPERATURE (Ta )= 
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Fig. 4—- Load regulation characteristics for circuit of Fig. 3. 


When this circuit is used to provide high output currents at 
low output voltages, care must be exercised to avoid excessive 
IC dissipation. In the circuit of Fig. 3, this dissipation control 
can be accomplished by increasing the primary-to-secondary 
transformer ratio (a reduction in Vy) or by using a dropping 
resistor between the rectifier and the CA3085 regulator. Fig. 5 
gives data on dissipation limitation (Vy-Vo vs. Ig) for CA3085- 
series circuits. 

The short-circuit current is determined as follows: 
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Isc "Rec Ree amperes (2) 
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Fig. 5— Dissipation limitation (V,— Vc vs. Io) for CA3085 series 


circuits. 


The line- and load-regulation characteristics for the circuit 
shown in Fig. 3 are approximately 0.05 per cent of the output 
voltage. 


High-Current Voltage Regulator 

When regulated voltages at currents greater than 100 milli- 
amperes are required, the CA3085 can be used in conjunction 
with an external n-p-n pass-transistor as shown in the circuits 


of Fig. 6. In these circuits the output current available from the 
regulator is increased in accordance with the hpg of the ex- 
ternal n-p-n pass-transistor. Output currents up to 8 amperes 
can be regulated with these circuits. A Darlington power tran- 
sistor can be substituted for the 2N5497 transistor when cur- 
rents greater than 8 amperes are to be regulated. 


A simplified method of short-circuit protection is used in 
connection with the circuit of Fig. 6(a). The variable resistor 
Rscp serves two purposes: (1) it can be adjusted to optimize 
the base drive requirements (hp) of the particular 2N5S497 
transistor being used, and (2) in the event of a short-circuit in 
the regulated output voltage the base drive current in the 
2N5497 will increase, thereby increasing the voltage drop 
across Rocp. As this voltage-drop increases the short-circuit 
protection system within the CA3085 correspondingly reduces 
the output current available at terminal 8, as described pre- 


(b) 92CS - 21825 
(6) with auxiliary short-circuit protection 


Fig. 6— High-current voltage regulator using n-p-n pass transistor. 


viously. It should be noted that the degree of short-circuit pro- 
tection depends on the value of Rgcp, i-e., design compromise 
is required in choosing the value of Rocp to provide the de- 
sired base drive for the 2N5497 while maintaining the desired 
short-circuit protection. Fig. 6(b) shows an alternate circuit in 
which an additional transistor (2N5183) and two resistors have 
been added as an auxiliary short-circuit protection feature. Re- 
sistor R3 is used to establish the desired base drive for the 
2N5497, as described above. Resistor Ryjnyjt NOW controls the 
short-circuit output current because, in the event of a short- 
circuit, the voltage drop developed across its terminals increases 
sufficiently to increase the base drive to the 2N5183 transistor. 
This increase in base drive results in reduced output from the 
CA3085 because collector current flow in the 2N5183 diverts 
base drive from the Darlington output stage of the CA3085 
(see Fig. 2) through terminal 7. The load regulation of this cir- 
cuit is typically 0.025 per cent with 0 to 3-ampere load-current 
variation; line regulation is typically 0.025 per cent/volt change 
in input voltage. 


Voltage Regulator with Low V|-Vq Difference 

In the voltage regulators described in the previous section, it 
is necessary to maintain a minimum difference of about 4 volts 
between the input and output voltages. In some applications 
this requirement is prohibitive. The circuit shown in Fig. 7 can 
deliver an output current in the order of 2 amperes with a 
V|-Vo difference of only one volt. 

It employs a single external p-n-p transistor having its base 
and emitter connected to terminals 2 and 3, respectively, of the 
CA3085. In this circuit, the emitter of the output transistor 
(Q14 in Fig. 2) in the CA3085 is returned to the negative sup- 
ply rail through an external resistor (Rgcp) and two series- 
connected diodes (D1, D2). These forward-biased diodes main- 
tain Q6 in the CA3085 within linear-mode operation. The 

2N4036 
Qi 
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Fig. 7— Voltage regulator for low V; — Vo difference. 


choice of resistors RI and R2 is made in accordance with 
Eq. (1). Adequate frequency compensation for this circuit is 
provided by the 0.01-microfarad capacitor connected between 
terminal 7 of the CA3085 and the negative supply rail. 

Fig. 8, which shows the output impedance of the circuit of 
Fig. 7 as a function of frequency, illustrates the excellent 
ripple-rejection characteristics of this circuit at frequencies 
below | kHz. Lower output impedances at the higher fre- 
quencies can be provided by connecting an appropriate capaci- 
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tor across the output voltage terminals. The addition of a 
capacitor will, however, degrade the ability of the system to 
react to transient-load conditions. 


ata INPUT VOLTAGE (V*z) #15 V 
OUTPUT VOLTAGE (V%)=10V 
AMBIENT TEMPERATURE (Ta )=25°C 


OUTPUT RESISTANCE (Rq)— OHMS 


FREQUENCY (f}— kHz 
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Fig. 8— Output resistance vs. frequency for circuit of Fig. 7. 


High-Voltage Regulator 

Fig. 9 shows a circuit that uses the CA3085 as a voltage- 
reference and regulator control device for high-voltage power 
supplies in which the voltages to be regulated are well above 
the input-voltage ratings of the CA3085-series circuits. The ex- 
ternal transistors Q1 and Q2 require voltage ratings in excess of 
the maximum input voltage to be regulated. Series-pass tran- 
sistor Q2 is controlled by the collector current of Q1, which in 
turn is controlled by the normally regulated current output 
supplied by the CA3085. The input voltage for the CA3085 
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Fig. 9— High-voltage regulator. 


regulator at terminal 3 is supplied through dropping resistor R3 
and the clamping zener diode D1. The values for resistor RI 
and R2 are determined in accordance with Eq. (1). 


Negative-Voltage Regulator 

The CA3085 is used as a negative-supply voltage regulator 
in the circuit shown in Fig. 10. Transistor Q3 is the series-pass 
transistor. It should be noted that the CA3085 is effectively 
‘connected across the load-side of the regulated system. 
Diode D1 is used initially in a “‘circuit-starter” function; tran- 
sistor Q2 “‘latches’’ D1 out of its starter-circuit function so that 
the CA3085 can assume its role in controlling the pass- 
transistor Q3 by means of QI. 


Q3 92cS-21829 


Fig. 10— Negative-voltage regulator. 


Operation of the circuit is as follows: current through R3 
and D1 provides base drive for Q!, which in turn provides 
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base drive for the pass-transistor Q3. By this means operating 
potential for the CA3085 is developed between the collector of 
Q3 (terminal 4 of the CA3085) and the positive supply-rail 
(terminal 3 of the CA3085). When the output voltage has 
risen sufficiently to maintain operation of the CA3085 
(approx. 7.5 volts), transistor Q2 is driven into conduction by 
the base drive supplied from the | kilohm-12 kilohm voltage 
divider. As Q2 becomes conductive, it diverts the base drive 
being supplied to Q] through the R3-D1 path, and diode D1 
ceases to conduct. Under these conditions, base-current drive 
to QI through terminal 2 of the CA3085 regulates the base 
drive to Q3. Values of R1 and R2 are determined in accordance 
with Eq. (1). 

The circuit shown in Fig. 11 is similar to that of Fig. 10, 
except for the addition of a constant-current limiting circuit 
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Fig. 11— Negative-voltage regulator with constant-current limiting circuit. 


consisting of transistor Q4, a 1-kilohm resistor, and resistor 
Rgcp. When the load current increases above a particular de- 
sign value, the corresponding increase in the voltage drop across 
resistor Rocp provides additional base drive to transistor Q4. 
Thus, as transistor Q4 becomes increasingly conductive, its 
collector current diverts sufficient base drive from Q3 to 
limit the current in the pass transistor feeding the regulated 
load. With the types of transistors shown in Figs. 10 and 11, 
maximum currents in the order of 5 amperes can be regulated. 


High-Output-Current Voltage Regulator With “Foldback”’ 
Current-Limiting (Also known as “Switch-Back” Current- 
Limiting) 

In high-current voltage regulators employing constant-cur- 
rent limiting (e.g., Figs. 6 and 7), it is possible to develop ex- 
cessive dissipation in the series-pass transistor when a short- 
circuit develops across the output terminals. This situation can 
be avoided by the use of the “foldback” current-limiting cir- 
cuitry as shown in Fig. 12. In this circuit, terminal 8 of the 
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Fig. 12— High-output-current voltage regulator with “foldback” 
current limiting. 


CA3085 senses the output voltage, and terminal | is tied toa 
tap on a voltage-divider network connected between the emit- 
ter of the pass-transistor (Q3) and ground. The current-foldback 
trip-point is established by the value of resistor Rgc. 

The protective tripping action is accomplished by forward- 
biasing Q15 in the CA3085 (see Fig. 2). Conditions for tripping- 


500 


‘the CA3085, establishing terminal | 


circuit operation are defined by the following expressions: 


VBE(Q! 5) = (voltage at terminal 1)—(output voltage) 


- R1 

= lio + ILRsO)RT + RD +RD —Vo (3) 
Ri = 

If R1+R2 K, then 


VBE(QIS) = (Vo + ILRsc) K — Vo = KVg t+ KI, Rsc — Vo 
and therefore 


Vo + VBE(Q15) — KVo 4) 
KI, 


Under load short-circuit conditions, terminal 8 is forced to 
ground potential and current flows from the emitter of Q14 in 
at one Vpp-drop 
[= 0.7 VJabove ground and QIS in a partially conducting 
state. The current through Q14 necessary to establish this one- 
VBE condition is the sum of currents flowing to ground 
through RI and [R2 + Roc]. Normally Rgc is much smaller 
than R2 and can be ignored; therefore, the equivalent resistance 
Reg to ground is the parallel combination of RI and R2. 


Rsc = 


The Q14 current is then given by: 


_ VBE(QIS) _ VBE(QIS) _ 0.7 [1.3+0.46 ] 


lQi4 ~ “13x 046 


RIR? = 2.06 


milliamperes 


This current provides a voltage between terminals 2 and 3 
as follows: 


V>_3 =1Q14 x 250 ohms =2.06 x 1073 x 250 = 0.515 volt 


The effective resistance between terminals 2 and 3 is 250 
ohms because the external 500-ohm resistor R3 is in parallel 
with the internal 500-ohm resistor RS. It should be understood 
that the V>.3 potential of 0.515 volt is insufficient to main- 
tain the external p-n-p transistor Q2 in conduction, and, there- 
fore, Q3 has no base drive. Thus the output current is reduced 
to zero by the protective circuitry. Fig. 13 shows the foldback 
characteristic typical of the circuit of Fig. 12. 
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Fig. 13~ Typical “foldback” current-limiting characteristic for circuit 


of Fig. 12. 


An alternative method of providing “foldback” current- 
limiting is shown in Fig. 14. The operation of this circuit is 
similar to that of Fig. 12 except that the foldback-control 
transistor Q2 is external to the CA3085 to permit added 
flexibility in protection-circuit design. 
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Fig. 14— High-output-current voltage regulator using auxiliary transistor 
to provide “foldback” current limiting. 


Under low toad conditions Q2 is effectively reverse-biased 
by a small amount, depending upon the values of R3 and R4. 
As the load current increases the voltage drop across R¢zjp in- 
creases, thereby raising the voltage at the base of Qi, and Q2 
starts to conduct. As Q2 becomes increasingly conductive it 
diverts base current from transistors Q13 and Q14 in the 
CA3085, and thus reduces base drive to the external pass- 
transistor Q1] with a consequent reduction in the output volt- 
age. The point at which current-limiting occurs, ltrip» is calcu- 
lated as follows: 


VBE(Q1) * voltage at terminal 8 — VcQ(assuming a low value 
for Rerip) 


. R4 
VBE(Q2) = voltage at terminal 8 (ais) - Vo 


R4 
. [vo + ILRtrip + VBE(a1)| le +R4 | Vo 


cy .__R4 ‘ had : 

ifK = RR?’ then the trip current is given by: 

esis VBE(Q2) ~ K| Vot VBE(Q1)| + Vo (7) 
fips = — in. KR 


KRtrip 

In the circuit in Fig. 12 the load current goes to zero when a 

short circuit occurs. In the circuit of Fig. 14 the load current 

is significantly reduced but does not go to zero. The value for 

Igc¢ is computed as follows: 

VBE(Q2) 
R2 


VBE(Q2) + [ + 1p(2)| R! = VBE(Q1) t IscRtrip 


VBE(Q2) 
Yanan * | R2 +15(02)| Ri ~VBEQI) (gy 


I 
= Rerip 

Fig. 15 shows that the transfer characteristic of the load cur- 
rent is essentially linear between the “‘trip-point” and the 


“short-circuit” point. 
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Fig. 15— Typical foldback current4imiting characteristic for circuit 
of Fig. 14. 


High-Voltage Regulator Employing Current “Snap-Back” 
Protection 

In high-voltage regulators (e.g., see Fig. 9), “foldback” 
current-limiting cannot be used safely because the high voltage 
across the pass transistor can cause second breakdown despite 
the reduction in current flow. To adequately protect the pass 
transistor in this type of high-voltage regulator, the so-called 
“snap-back” method of current limiting can be employed to 
reduce the current to zero in a few microseconds, and thus pre- 
vent second-breakdown destruction of the device. 


The circuit diagram of a high-voltage regulator employing 
current “snap-back” protection is shown in Fig. 16. The basic 
regulator circuit is similar to that shown in Fig. 9. The addi- 
tional circuitry in the circuit of Fig. 16 quickly interrupts 
base drive to the pass transistor in event of load fault. The 
point of current-trip is established as follows: 

Dae VBE(Q1) 0) 
trip Rsc 


Thus, when a sufficient voltage drop is developed across Rego, 
transistor Q] becomes conductive and current flows into the 
base of Q2 so that it also becomes conductive. Transistor Q3, 
in turn, is driven into conduction, thereby latching the Q2-Q3 
combination (basic SCR action) so that it diverts (through 
terminal 7) base drive from the output stage (Q13, Q14) in the 
CA3085. By this means, base drive is diverted from Q4 and the 
pass transistor Q5. To restore regulator operation, normally 
closed switch S] is momentarily opened and unlatches Q2-Q3. 
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Fig. 16— High.voltage regulator incorporating current “‘snap-back”’ 


protection. 


Switching Regulator 

When large input-to-output voltage differences are necessary, 
the regulators described above are inefficient because they dis- 
sipate significant power in the series-pass transistor. Under these 
conditions, high-efficiency operation can be achieved by using 
a switching-type regulator of the generic type shown in 
Fig. 17(a). Transistor Ql acts as a keyed switch and operates in 
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REG. Vo 
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Fig. 17— Switching regulator and associated waveforms. 


either a saturated or cut-off condition to minimize dissipation. 
When transistor QI .is conductive, diode D1 is reverse-biased 
and current in the inductance L1 increases in accordance with 


the following relationship: 


(10) 


where V is the voltage across the inductance LI. The current 
through the inductance charges the capacitor Cl and supplies 
current to the load. The output voltage rises until it slightly ex- 
ceeds the reference voltage Vref. At this point the op-amp re- 
moves base drive to QI and the unregulated input voltage Vj is 
“switched off’. The energy stored in the inductor L1 now 
causes the voltage at V, to swing in the negative direction and 
current flows through diode D1, while continuing to supply 
current into the load Ry. As the current in the inductor falls 
below the load current, the capacitor C1 begins to discharge 
and Vo decreases. When Vo falls slightly below the value of 


Vref. the op-amp turns on QI and the cycle is repeated. It 
should be apparent that the output voltage oscillates about 
Vref with an amplitude determined by RI and R2. Actually, 
the value of Ve¢ varies from being stightly more positive than 
Vif when Q! is conducting, to being slightly more negative 
than Vref when DI is conducting. The voltage and current 
waveforms are shown in Fig. 17(b), (c), and (d). 


Design Example: The following specifications are used in de- 
computations for a switching regulator: 
V; = 30 V, Vg =5 V, Iq = 500 mA, 
switching frequency = 20 kHz, 
output ripple = 100 mV. 


If it is assumed that transistor Q] is in steady-state saturated 
operation with a low voltage-drop, the current in the inductor 
is given by Eq. 10, as follows: 


(11) 


When transistor Ql is off, the current in the inductor 
is given by: 
— _ Wot Yop) toff 
ee ee (12) 
From Eq. II, 
(Yi-Vo) 1 Vo 
a, leomaar Pia BP uo) 


If imax is 1.3 I, then during tg, the current in the inductor 


(iL) will be 0.5 A x 1.3 = 0.65 A; therefore, Aiy =0.15 A 
Substitution in Eq. 13 yields 


30 — 5 1 5 
p, -SO=). 1-2 14mn 
10.15 (20 x 103) 30 

(14) 


Current discharge from the capacitor Cl is given by: 


(15) 


Since i, = ip, and At = togr, then 
Ait toff 
we Av 
Substitution for the value of iy from Eq. 13 yields 


(“-*e Lae Glo) 
Li f° \v, )' ‘off 


aa er em (16) 


The total period T = to¢¢ + ton, and T =7. Therefore, 


(17) 


1 
toff =F —ton 
For optimum efficiency to, should be 


~ (YA), (VAL 
~ AVy “\Vi/f 


(18) 


(19) 


Substitution for torr in Eq. 16 yields 
Vv 
( Ss xe) 
Vy 
C= 
Av 


Substitution for to, in Eq. 18 yields 
off fF \vy ff Vi 
WE=Vo) ih, Vo. 1. 
Ly £ Vy £ 
Substitution of numerical values in Eq. 20 produces the 
following value for C: 


5, 1.5.1. (1-5) 
_14x10~3 _20x103 39 20x 103 30 


Cc 
107! 
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A switching-regulator circuit using the CA3085 is shown in 
Fig. 18. The values of L and C (1.5 millihenries and 50 micro- 
farads, respectively) are commercially available components 
having values approximately equal to the computed values in 
the previous design example. 
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Fig. 18— Typical switching regulator circuit. 


Current Regulators 

The CA3085 series of voltage regulators can be used to pro- 
vide a constant source or sink current. A regulated-current sup- 
ply capable of delivering up to !00 milliamperes is shown in 
Fig. 19(a). The regulated load current is controlled by RI be- 
cause the current flowing through this resistor must establish a 
voltage difference between terminals 6 and 4 that is equal to 
the internal reference voltage developed between terminals 5 
and 4. The actual regulated current, reg I, is the sum of the 
quiescent regulator current and the current through RI, i-e., 


reg ly = Iquiescent + IRI 


(a) 
CURRENT REGULATOR 


REG. IT, 


(b) 
HIGH*CURRENT REGULATOR 
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Fig. 19— Constant current regulators. 


Fig. 19(b) shows a high-current regulator using the CA3085 in 
conjunction with an external n-p-n transistor to regulate cur- 
rents up to 3 amperes. In this circuit the quiescent regulator 
current does not flow through the load and the output current 
can be directly programmed by RI, i.e., 


With this regulator currents between | milliampere and 3 
amperes can be programmed directly. At currents below 
1 milliampere inaccuracies may occur as a result of leakage in 
the external transistor. 
A Dual-Tracking Voltage Regulator 

A dual-tracking voltage regulator using a CA3085 and a 
CA3094A* is shown in Fig. 20. The CA3094A is basically an 
op-amp capable of supplying 100 milliamperes of output cur- 
rent. 


501 


#VTINPUT RANGE*I9 TO 30 V 


##V INPUT RANGE =—16 TO-30 V 


ICAN-6157 


MAX. Tout = £100 mA 


RCA 
VT INPUT CA30B5A 5.69 
VOLTAGE REG. 


+15 V 
© REG. 
OUTPUT 


~ISV 

© REG. 
OUTPUT 

ea V7 INPUT 


FOR IS V OUTPUT 


FOR-15 V OUTPUT 
REGULATION: 


MAX. LINE = 4 Voyt 
[Your (INITIAL) 6 Vin 


MAX.LOAD = A VoyT 
Vout (INITIAL) 


%100*0.075%/V 


® 100*#0.075 % VoyrT 
(I_ FROM 1 TO 50 mA) 
92CM- 20560 


Fig. 20-— Dual-voltage tracking regulator. 


The positive output voltage is regulated by a CA3085 opera- 
ting in a configuration essentially similar to that described in 
connection with Fig. 3. Resistor R is used as a vernier adjust- 
ment of output voltage. The negative output voltage is regulated 
by the CA3094A, which is “slaved” to the regulated positive 
voltage supplied by the CA3085. It should be noted that the 
non-inverting input of the CA3094A and the negative supply 
terminal of the CA3085 are connected to a common ground 
reference. The “slaving” potential for the CA3094A is derived 
from an accurate 1:1 voltage-divider network comprised of two 
10-kilohm resistors connected between the +15-volt and 
—15-volt output terminals. The junction of these two resistors 
is connected to the inygrting input of the CA3094A. The volt- 
age at this junction is compared with the voltage at the non- 
inverting input, and the CA3094A then automatically adjusts 
the output current at the negative terminal to maintain a nega- 
tive regulated output voltage essentially equal to the regulated 
positive output voltage. Typical performance data for this cir- 
cuit are shown in Fig. 20. 


* Specifications for the CA3094A appear in RCA Data File 
No. 598 and application information is presented in 
ICAN-6048. 


The basic circuit of Fig. 20 can be modified to regulate dis- 
similar positive and negative voltages (e.g., +15 V, —5 V) by 
appropriate selection of resistor ratios in the voltage-divider 
network discussed previously. As an example, to provide 
tracking of the +15 V and —5 V regulated voltages with the 
circuit of Fig. 20, it is only necessary to replace the !0-kilohm 
resistor connected between terminals 3 and 8 of the CA3094A 
with a 3.3-kilohm resistor. 


Regulators With High Ripple Rejection 

When the reference-voltage source in the CA3085 is ade- 
quately filtered, the typical ripple rejection provided by the 
circuit is 56 dB. It is possible to achieve higher ripple-rejection 
performance by cascading two stages of the CA3085, as shown 
in Fig. 21. The voltage-regulator circuit in Fig. 21(a) provides 
90 dB of ripple rejection. The output voltage is adjustable over 
the range from |.8 to 30 volts by appropriate adjustment of 
resistors RI and R2. Higher regulated output currents up to 


«1 ampere can be obtained with this circuit by adding an external 


n-p-n transistor as shown in Fig. 21(b). 
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(b} high-current voltage regulator with high ripple rejection 


Fig. 21— Regulators with high ripple rejection. 


The CA3085 As A Power Source For Sensors 

Certain types of sensor applications require a regulated 
power source. Additionally, low-impedance sensors can con- 
sume significant power. An example of a circuit with these 
requirements, in which a CA3085 provides regulated power for 
a low-impedance sensor and the CA3059* zero-voltage switch, 
is shown in Fig. 22. Terminal 12 on the CA3059 provides the 


* Technical specifications on the CA3059 zero-voltage switch 
appear in RCA Data File No. 490, and related application 
information is provided in Application Notes ICAN-6158 and 
ICAN-6268. 


ac trigger-signal which actuates the zero-voltage switch syn- 
chronously with the power line to control the load-switching 
triac. 
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Fig. 22— Voltage regulator for sensor and zero-voltage switch. 


The CA3085 As A General-Purpose Amplifier 

As described above, the CA3085 series regulators contain a 
high-gain linear amplifier having a current-output capability up 
to 100 milliamperes. The premium type (CA3085B) can oper- 
ate at supply voltages up to 50 volts. When equipped with an 
appropriate radiator or heat-sink, the TO-5 package of these 
devices can dissipate up to 1.6 watts at 55°C. A very stable 
internal voltage-reference source is used to bias the high-gain 
amplifier and/or provide an external voltage-reference despite 
extreme temperature or supply-voltage variations. These fac- 
tors, plus economics, prompt consideration of this circuit for 
general-purpose uses, such as amplifiers, relay controls, signal- 
lamp controls, and thyristor firing. 

Asan example, Fig. 23 shows the application of the CA3085 
in a general-purpose amplifier. Under the conditions shown, 
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Fig. 23— General purpose amplifier using CA3085A. 


the circuit has a typical gain of 70 dB with a flat response to at 
least 100 kHz without the RC network connected between 
terminals 6 and 7. The RC network is useful as a tone contro! 
or to “roll-off” the amplifier response for other reasons. Cur- 
rent limiting is not used in this circuit. The network connected 
between terminals 8 and 6 provides both dc and ac feedback. 
This circuit is also applicable for directly driving an external 
discrete n-p-n power transistor. 
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Features and Applications of 


RCA Integrated-Circuit Zero-Voltage Switches 
(CA3058, CA3059, and CA3079) 


by A.C.N. Sheng, G.J. Granieri, J. Yellin, and T. McNulty 


RCA-CA3058, CA3059 and CA3079 zero-voltage switches 
are monolithic integrated circuits designed primarily for use as 
trigger circuits for thyristors in many highly diverse ac 
power-control and power-switching applications. These 
integrated-circuit switches operate from an ac input voltage of 
24, 120, 208 to 230, or 277 volts at 50, 60, or 400 Hz. 

The CA3059 and CA3079 are supplied in a 14-terminal 
dual-in-line plastic package. The CA3058 is supplied in a 
14-terminal dual-in-line ceramic package. The electrical and 
physical characteristics of each type are detailed in RCA Data 
Bulletin File No. 490. 


RCA zero-voltage switches (ZVS) are particularly well 
suited for use as thyristor trigger circuits. These switches 
trigger the thyristors at zero-voltage points in the 
supply-voltage cycle. Consequently, transient l!oad-current 
surges and radio-frequency interference (RFI) are substantially 
reduced. In addition, use of the zero-voltage switches also 
reduces the rate of change of on-state current (di/dt) in the 
thyristor being triggered, an important consideration in the 
operation of thyristors. These switches can be adapted for use 
in a variety of control functions by use of an internal 
differential comparator to detect the difference between two 
externally developed voltages. In addition, the availability of 
numerous terminal connections to internal circuit points 
greatly increases circuit flexibility and further expands the 
types of ac power-control applications to which these 
integrated circuits may be adapted. The excellent versatility of 
the zero-voltage switches is demonstrated by the fact that 
these circuits have been used to provide transient-free 
temperature control in self-cleaning ovens, to control 
gun-muzzle temperature in low-temperature environments, to 
provide sequential switching of heating elements in warm-air 
furnaces, to switch traffic signal lights at street intersections, 
and to effect other widely different ac power-control 
functions. 


FUNCTIONAL DESCRIPTION 


RCA zero-voltage switches are multistage circuits that 
employ a diode limiter, a zero-crossing (threshold) detector, an 
on-off sensing amplifier (differential comparator), and a 
Darlington output driver (thyristor gating circuit) to provide 
the basic switching action. The dc operating voltages for these 
stages is provided by an internal power supply that has 
sufficient current capability to drive external circuit elements, 
such as transistors and other integrated circuits. An important 
feature of the zero-voltage switches is that the output trigger 
pulses can be applied directly to the gate of a triac or a silicon 
controlled rectifier (SCR). The CA3058 and CA3059 also 
feature an interlock (protection) circuit that inhibits the 
application of these pulses to the thyristor in the event that 
the external sensor should be inadvertently opened or shorted. 
An external inhibit connection (terminal No. 1) is also 
available so that an external signal can be used to inhibit the 
output drive. This feature is not included in the CA3079; 
otherwise, the three integrated-circuit zero-voltage switches are 
electrically identical. 


Over-alt Circuit Operation 

Fig. 1 shows the functional interrelation of the zero-voltage 
switch, the external sensor, the thyristor being triggered, and 
the load elements in an on-off type of ac power-control 
system. As shown, each of the zero-voltage switches 
incorporates four functional blocks as follows: 

(1) Limiter-Power Supply — Permits operation directly 
from an ac line. 

(2) Differential On/Off Sensing Amplifier — Tests the 
condition of external sensors or command signals. Hysteresis 
or proportional-control capability may easily be implemented 
in this section. 

(3) Zero-Crossing Detector —Synchronizes the output 
pulses of the circuit at the time when the ac cycle is at a 
zero-voltage point and thereby eliminates radio-frequency 
inteference (RFI) when used with resistive loads. 


(4) Triac Gating Circuit — Provides high-current pulses to 
the gate of the power-controlling thyristor. 
In addition, the CA3058 and CA3059 provide the following 
important auxiliary functions (shown in Fig. 1): 

(1) A built-in protection circuit that may be actuated to 
remove drive from the triac if the sensor opens or shorts. 
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Fig. 1 — Functional block diagrams of the zero-voltage switches 
CA3058, CA3059, and CA3079. 


(2) Thyristor firing may be inhibited through the action of 
an internaldiode gate connected to terminal |. 

(3) High-power dc-comparator operation is provided by 
overriding the action of tthe zero-crossing detector. This 
override is accomplished by connecting terminal 12 to 
terminal 7. Gate current to the thyristor is continuous when 
terminal 13 is positive with respect to terminal 9. 
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Fig. 2 shows the detailed circuit diagram for the 
integrated-circuit zero-voltage switches. (The diagrams shown 
in Figs. 1 and 2 “are representative of all three RCA 
zero-voltage switches, i.e., the CA3058, CA3059, and CA3079; 
the shaded areas indicate the circuitry that is not included in 
the CA3079.) 

The limiter stage of the zero-voltage switch clips the 
incoming ac line voltage to approximately +8 volts. This signal 
is then applied to the zero-voltage-crossing detector, which 
generates an output pulse each time the line voltage passes 
through zero. The limiter output is also applied to a rectifying 
diode and an external capacitor, Cp, that comprise the dc 
power supply. The power supply provides approximately 
6 volts as the Vcc supply to the other stages of the 
zero-voltage switch. The on-off sensing amplifier is basically a 
differential comparator. The thyristor gating circuit contains a 
driver for direct triac triggering. The gating circuit is enabled 
when all the inputs are at a “high” voltage, i.e., the line voltage 
must be approximately zero volts, the sensing-amplifier output 
must be “high,” the external voltage to terminal | must be a 
logical ‘‘O”’, and, for the CA3058 and CA3059, the output of 
the fail-safe circuit must be “high.” Under these conditions, 
the thyristor (triac or SCR) is triggered when the line voltage is 
essentially zero volts. 


Thyristor Triggering Circuits 

The diodes D, and D2 in Fig. 2 form a symmetrical clamp 
that limits the voltages on the chip to +8 volts; the diodes D7 
and D,3 form a half-wave rectifier that develops a positive 
voltage on the external storage capacitor, Cr. 

The output pulses used to trigger the power-switching 
thyristor are actually developed by the zero-crossing detector 
and the thyristor gating circuit. The zero-crossing detector 
consists of diodes D3 through Dg, transistor Q), and the 
associated resistors shown in Fig. 2. Transistors Qy and Q¢ 
through Qg and the associated resistors comprise the thyristor 
gating circuit and output driver. These circuits generate the 
output pulses when the ac input is at a zero-voltage point so 
that RFI is virtually eliminated when the zero-voltage switch 
and thyristor are used with resistive loads. 

The operation of the zero-crossing detector and thyristor 
gating circuit can be explained more easily if the on state (i.e., 
the operating state in which current is being delivered to the 
thyristor gate through terminal 4) is considered as the 
operating condition of the gating circuit. Other circuit 
elements in the zero-voltage switch inhibit the gating circuit 
unless certain conditions are met, as explained later. 

In the on state of the thyristor gating circuit, transistors Qg 
and Qg are conducting, transistor Q7 is off, and transistor Q¢ 
is on. Any action that turns on transistor Q7 removes the drive 
from transistor Qg and thereby turns off the thyristor. 
Transistor Q7 may be turned on directly by application of a 
minimum of +1.2 volts at 10microamperes to the 
external-inhibit input, terminal 1. (If a voltage of more than 
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Fig. 2 — Schematic diagram of zero-voltage switches CA3058, CA3059, and CA3079. 
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1.5 volts is available, an external resistance must be added in 
series with terminal 1 to limit the current to 1 milliampere.) 
Diode Dj 9 isolates the base of transistor Q7 from other signals 
when an external-inhibit signal is applied so that this signal is 
the highest priority command for normal operation. (Although 
grounding of terminal6 creates a higher-priority inhibit 
function, this level is not compatible with normal DTL or TTL 
logic levels.) Transistor Q7 may also be activated by turning 
off transistor Q¢ to allow current flow from the power supply 
through resistor R7 and diode Djg into the base of Q7. 
Transistor Q¢ is normally maintained in conduction by current 
that flows into its base through resistor Ry and diodes Dg and 
Dg when transistor Q, is off. 


Transistor Q; is a portion of the zero-crossing detector. 
When the voltage at terminal 5 is: greater than +3 volts, current 
‘can flow through resistor R;, diode Dg, the base-to-emitter 
junction of transistor Q;, and diode D4 to terminal 7 to turn 
on Q. This action inhibits the delivery of a gate-drive output 
signal at terminal 4. For negative voltages at terminal 5 that 
have maghitudes greater than 3 volts, the current flows 
through diode Ds, the emitter-to-base junction of transistor 
Q;; diode D3, and resistor Rj}, and again turns on transistor 
Qy. Transistor Qj ‘is off only when the voltage at terminal 5 is 
less than the threshold voltage of approximately +2 volts. 
When the integrated-circuit zero-voltage switch is connected as 
shown in Fig. 1, therefore, the output is a narrow pulse which 
is approximately centered about the zero-voltage time in the 
cycle, as shown in Fig.3. In some applications, however, 
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Fig. 3 — Waveform showing output-pulse duration of the zero-voltage 
switch. 


particularly those that use either slightly inductive or 
low-power loads, the thyristor load current does not reach the 
‘latching-current value* by the end of this pulse. An external 
capacitor Cx connected between terminal 5 and 7, as shown in 
Fig. 4, can be used to delay the pulse to accommodate such 
loads. The amount of pulse stretching and delay is shown in 
Figs. 5(a) and 5(b). 
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Fig. 4 — Use of a capacitor between terminals 5 and 7 to delay the 
output pulse of the zero-voltage switch. 


. Continuous gate current can be obtained if terminal t2 is 
connécted to terminal 7 to disable the zero-crossing detector. 
In this mode, transistor Q; is always off. This mode of 
operation is useful when comparator operation is desired or 
when inductive loads must be switched. (If the capacitance in 
the load circuit is low, most RFI is eliminated.) Care must be 
taken to avoid overloading of the internal power supply in this 
mode. A sensitive-gate thyristor should be used, and a resistor 
should be placed between terminal 4 and the gate of the 
thyristor to limit the current, as pointed out later under 
Special Application Considerations. 


* The latching current is the minimum current required to sustain 
conduction immediately after the thyristor is switched from the off 
to the on state and the gate signal is removed. 
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Fig. 5 — Curves showing effect of external capacitance on fa) the total 
output-pulse duration, and (b) the time from zero crossing to 
the end of the pulse. 


Fig. 6 indicates the timing relationship between the line 
roltage and the zero-voltage- switch output pulses. At 60 Hz, 
the pulse is typically 100 microseconds wide; at 400 Hz, the 
pulse width is typically 12 microseconds. In the basie circuit 
shown, when the dc logic signal is “high”, the output is 
disabled; when it is “low’’, the gate pulses are enabled. 


FREQ (Had | Tima) ] 1 p2)] 


60 
400 


92CS-22589 


Fig. 6 — Timing relationship between the output pulses of the RCA 
zero-voltage switch and the ac line voltage. 


On-Off Sensing Amplifier 

The discussion thus far has considered only cases in which 
pulses are present all the time or not at all. The differential 
sense amplifier consisting of transistors Q2, Q3, Q4, and Qs 
(shown in Fig.2) makes the zero-voltage switch a flexible 
power-control circuit. The transistor pairs Q2-Q4 and Q3-Qs5 
form a high-beta composite p-n-p transistors in which the 
emitters of transistors Q4 and Qs act as the collectors of the 
composite devices. These two composite transistors are 


connected as a differential amplifier with resistor R3 acting as 
a constant-current source. The relative current flow in the two 
“collectors” is a function of the difference in voltage between 
the bases of transistors Qj and Q3. Therefore, when 
terminal 13 is more positive than terminal 9, little or no 
current flows in the “collector” of the transistor pair Q7-Q4. 
When terminal 13 is negative with respect to terminal 9, most 
of the current flows through that path, and none in terminal 8. 
When current flows in the transistor pair Q7-Qq, the path is 
from the supply through R3, through the transistor pair 
Q>-Q4, through the base-emitter junction of transistor Q;, and 
finally through the diode D4 to terminal 7. Therefore, when 
V;3 is equal to or more negative than Vo, transistor Qy is on, 
and the output is inhibited. 


In the circuit shown in Fig. 1, the voltage at terminal 9 is 
derived from the supply by connection of terminals 10 and 11 
to form a precision voltage divider. This divider fornws one side 
of a transducer bridge, and the potentiometer Rp and the 
negative-temperature-coefficient (NTC) sensor form the other 
side. At low temperatures, the high resistance of the sensor 
causes terminal 13 to be positive with respect to terminal 9 so 
that the thyristor fires on every half-cycle, and power is 
applied to the load. As the temperature increases, the sensor 
resistance decreases until a balance is reached, and V3 
approaches Vg. At this point, the transistor pair Q>-Q4 turns 
on and inhibits any further pulses. The controlled temperature 
is adjusted by variation of the value of the potentiometer Rp. 
For cooling service, either the positions of Rp and the sensor 
may be reversed or terminals 9 and 13 may be interchanged. 


The low bias current of the sensing amplifier permits 
operation with sensor impedances of up to 0.1 megohm at 
balance without introduction of substantial error (i.e., greater 
than 5 per cent). The error may be reduced if the internal 
bridge elements, resistors R4 and Rs, are not used, but are 
replaced with resistances which equal the sensor impedance. 
The minimum value of sensor impedance is restricted by the 
current drain on the internal power supply. Operation of the 
zero-voltage switch with low-impedance sensors is discussed 
later under Special Application Considerations. The voltage 
applied to terminal 13 must be greater than 1.8 volts at all 
times to assure proper operation. 


Protection Circuit 

A special feature of the CA3058 and CA3059 zero-voltage 
switches is the inclusion of an interlock type of circuit. This 
circuit removes power from the load by interrupting the 
thyristor gate drive if the sensor either shorts or opens. 
However, use of this circuit places certain constraints upon the 
user. Specifically, effective protection-circuit operation is 
dependent upon the following conditions: 

(1) The circuit configuration of Fig. 1 is used, with an 
internal supply, no external load on the supply, and 
terminal 14 connected to terminal 13. 

(2) The value of potentiometer Rp and of the sensor 
resistance must be between 2000 ohms and 0.1 megohm. 

(3) The ratio of sensor resistance and Rp, must be greater 
than 0.33 and less than 3.0 for all normal conditions. (If either 
of these ratios is not met with an unmodified sensor, a series 
resistor or a shunt resistor must be added to avoid undesired 
activation of the circuit.) 


The protective feature may be applied to other systems 
when operation of the circuit is understood. The protection 
circuit consists of diodes D,2 and Dj,5 and transistor Qyo. 
Diode Dj activates the protection circuit if the sensor shown 
in Fig. 1 shorts or its resistance drops too low in value, as 
follows: Transistor Q¢ is on during an output pulse so that the 
junction of diodes Dg and Dyj2 is 3 diode drops 
(approximately 2 volts) above terminal 7. As long as Vj4 is 
more positive or only 0.15 volt negative with respect to that 
point, diode D,2 does not conduct, and the circuit operates 
normally. If the voltage at terminal 14 drops to 1 volt, the 
anode of diode Dg can have a potential of only 1.6 to 
1.7 volts, and current does not flow through diodes Dg and Dg 
and transistor Q¢. The thyristor then turns off. 


The actual threshold is approximately 1.2 volts at room 
temperature, but decreases 4 millivolts per degree C at higher 
temperatures. As the sensor resistance increases, the voltage at 
terminal 14 rises toward the supply voltage. At a voltage of 
approximately 6 volts, the zener diode D;5 breaks down and 
turns on transistor Qjg, which then turns off transistor Q¢ 
and the thyristor. If the supply voltage is not at least 0.2 volt 


more positive than the breakdown voltage of diode Djs, 
activation of the protection circuit is not possible. For this 
reason, loading the internal supply may cause this circuit to 
malfunction, as may selection of the wrong external supply 
voltage. Fig. 7 shows a guide for the proper operation of the 
protection circuit when an external supply is used with a 
typical integrated-circuit zero-voltage switch. 
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Fig. 7 — Operating regions for built-in protection circuits of a typical 
zero-voltage switch, : 


SPECIAL APPLICATION CONSIDERATIONS 


As pointed out previously, the RCA integrated-circuit 
zero-voltage switches (CA3058, CA3059, and CA3079) are 
exceptionally versatile units that can be adapted for use in a 
wide-variety of pewer-control applications. Full advantage of 
this versatility can be realized, however, only if the user has a 
basic understanding of several fundamental considerations that 
apply to certain types of applications of the zero-voltage 
switches. 


Operating-Power Options 

Power to the zero-voltage switch may be derived directly 
from the ac line, as shown in Fig. 1, or from an external dc 
power supply connected between terminals 2 and 7, as shown 
in Fig. 8. When the zero-voltage switch is operated directly 
from the ac line, a dropping resistor Rg of 5,000 to 
10,000 ohms must be connected in series with terminal 5 to 
limit the current in the switch circuit. The optimum value for 
this resistor is a function of the average current drawn from 
the internal dc power supply, either by external circuit 
elements or by the thyristor trigger circuits, as shown in Fig. 9. 
The chart shown in Fig. 1 indicates the value and dissipation 
rating of the resistor Rg for ac line voltages of 24, 120, 208 to 
230, and 277 volts. 
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Fig. 8 — Operation of the zero-voltage switch from an external dc 
power supply connected between terminals 2 and 7. 


Half-Cycling Effect 

The method by which the zero-voltage switch senses the 
zero crossing of the ac power results in a_half-cycling 
phenomenon at the control point. Fig. 10 illustrates this 
phenomenon. The zero-voltage switch senses the zero-voltage 
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Fig. 9 — DC supply voltage as a function of external load current for 
several values of dropping resistance Rs. 


crossing every half-cycle, and an output, for example pulse 
No. 4, is produced to indicate the zero crossing. During the 
remaining 8.3 milliseconds, however, the differential amplifier 
in the zero-voltage switch may change state and inhibit any 
further output pulses. The uncertainity region of the 
differential amplifier, therefore, prevents pulse No.5 from 
triggering the triac during the negative excursion of the ac line 
voltage. 
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Fig. 10 — Half-cycling phenomenon in the zero-voltage switch. 


When a sensor with low sensitivity is used in the circuit, the 
zero-voltage switch is very likely to operate in the linear mode. 
In this mode, the output trigger current may be sufficient to 
trigger the triac on the positive-going cycle, but insufficient to 
trigger the device on the negative-going cycle of the triac 
supply voltage. This effect introduces a_ half-cycling 
phenomenon, i.e., the triac is turned on during the positive 
half-cycle and turned off during the negative half-cycle. 


Several techniques may be used to cope with the 
half-cycling phenomenon. If the user can tolerate some 
hystersis in the control, then positive feedback can be added 
around the differential amplifier. Fig. 11 illustrates this 
technique. The tabular data in the figure lists the 
recommended values of resistors R, and R» for different 
sensor impedances at the control point. 
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Fig. 11 — CA3058 or CA3059 on-off controller with hysteresis. 


If a significant amount (greater than +10%) of controlled 
hysteresis is required, then the circuit shown in Fig. 12 may be 
employed. In this configuration, external transistor Q; can be 
used to provide an auxiliary timed-delay function. 
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Fig. 12 — CA3058 or CA3059 on-off controller with controlled 
hysteresis. 


For applications that require complete elimination of 
half-cycling without the addition of hysteresis, the circuit 
shown in Fig.13 may be employed. This circuit uses a 


CA3098E integrated-circuit programmable comparator with a 
zero-voltage switch. A block diagram of CA3098E is shown in 
Fig. 14. Because the CA3098E contains an integral flip-flop, 
its output will be in either a “O” or “I” state. Consequently 
the zero-voltage switch cannot operate in the linear mode, and 
spurious half-cycling operation is prevented. When the 
signal-input voltage at terminal 8 of the CA3098E is equal to or 
less than the “low” reference voltage (LR), current flows from 
the power supply through resistor Ry and Ro, and a logic “O” is 
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Fig. 13 ~ Sensitive temperature control. 
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Fig. 14 — Block diagram of CA3098 programmable Schmitt trigger. 


applied to terminal 13 of the zero-voltage switch. This 
condition turns off the triac. The triac remains off until the 
signal-input voltage rises to or exceeds the “high” reference 
voltage (HR), thereby effecting a change in the state of the 
flip-flop so that a logic “1” is applied to terminal 13 of the 
zero-voltage switch, and triggers the triac on. 


“Proportional Control’ Systems 

The on-off nature of the control shown in Fig. | causes 
some overshoot that leads to a definite steady-state error. The 
addition of hysteresis adds further to this error factor. 
However, the connections shown in Fig. 15(a) can be used to 
add proportional control to the system. In this circuit, the 
sense amplifier is connected as a free-running multivibrator. At 
balance, the voltage at terminal 13 is much less than the 
voltage at terminal 9. The output will be inhibited at all times 
until the voltage at terminal 13 rises to the design differential 
voltage between terminals 13 and 9; then proportional control 
resumes. The voltage at terminal 13 is as shown in Fig. 15(b). 
When this voltage is more positive than the threshold, power is 
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Fig. 15 — Use of the CA3058 or CA3059 in a typical heating control 
with proportional control: {a) schematic diagram, and 
(b) waveform of voltage at terminal 13. 


applied to the load so that the duty cycle is approximately 50 
per cent. With a 0.1 megohm sensor and values of Rp = 
0.1 megohm, R2 = 10,000 ohms, and Cex 7 = 10 microfarads, 
a period greater than 3 seconds is achieved. This period should 
be much shorter than the thermal time constant of the system. 
A change in the value of any of these elements changes the 
period, as shown in Fig. 16. As the resistance of the sensor 
changes, the voltage on terminal 13 moves relative to Vo. A 


506 


cooling sensor moves V3 in a positive direction. The triac is 
on for a larger portion of the pulse cycle and increases the 
average power to the load. 
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Fig. 16 — Effect of variations in time-constant elements on period. 


As in the case of the hysteresis circuitry described earlier, 
some special applications may require more sophisticated 
systems to achieve either very precise regions of control or 
very long periods. 

Zero-voltage switching control can be extended to 
applications in which it is desirable to have constant control of 
the temperature and a minimization of system hysteresis. A 
closed-loop top-burner control in which the temperature of 
the cooking utensil is sensed and maintained at a particular 
value is a good example of such an application; the circuit for 
this control is shown in Fig. 17. In this circuit, a unijunction 
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Fig. 17 — Schematic diagram of proportional zero-voltage-switching 
control, 
oscillator is outboarded from the basic control by means of 
the internal power supply of the zero-voltage switch. The 
output of this ramp generator is applied to terminal 9 of the 
zero-voltage switch and establishes a varied reference to the 
differential amplifier. Therefore, gate pulses are applied to the 
triac whenever the voltage at terminal 13 is greater than the 
voltage at terminal 9. A varying duty cycle is established in 
which the load is predominantly on with a cold sensor and 
predominantly off with a hot sensor. For precise temperature 
regulation, the time base of the ramp should be shorter than 
the thermal time constant of the system but longer than the 
period of the 60-Hz line. Fig. 18, which contains various 
waveforms for the system of Fig. 17, indicates that a typical 
variance of +0.5°C might be expected at the sensor contact to 


the utensil. Overshoot of the set temperature is minimized 
with this approach, and scorching of any type is minimized. 
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Fig. 18 — Waveforms for the circuit of Fig. 17. 


Effect of Thyristor Load Characteristics 

The zero-voltage switch is designed primarily to gate a 
thyristor that switches a resistive load. Because the output 
pulse supplied by the switch is of short duration, the latching 
current of the triac becomes a significant factor in determining 
whether other types of loads can be switched. (The 
latching-current value determines whether the triac will remain 
in conduction after the gate pulse is removed.) Provisions are 
included in the zero-voltage switch to accommodate inductive 
loads and low-power loads. For example, for loads that are less 
than approximately 4 amperes rms or that are slightly 
inductive, it is possible to retard the output pulse with respect 
to the zero-voltage crossing by insertion of the capacitor C, 
from terminal 5 to terminal 7. The insertion of capacitor C, 
permits switching of triac loads that have a slight inductive 
component and that are greater than approximately 200 watts 
(for operation from an ac line voltage of 120 volts rms). 
However, for loads less than 200 watts (for example, 
70 watts), it is recommended that the user employ the 
T2300B* sensitive-gate triac with the zero-voltage switch 
because of the low latching-current requirement of this triac. 


For loads that have a low power factor, such as a solenoid 
valve, the user may operate the zero-voltage switch in the dc 
mode. In this mode, terminal 12 is connected to terminal 7, 
and the zero-crossing detector is inhibited. Whether a “high” 
or “low” voltage is produced at terminal 4 is then dependent 
only upon the state of the differential comparator within the 
integrated-circuit zero-voltage switch, and not upon the zero 
crossing of the incoming line voltage. Of course, in this mode 
of operation, the zero-voltage switch no longer operates as a 
zero-voltage switch. However, for many applications that 
involve the switching of low-current inductive loads, the 
amount of RFI generated can frequently be tolerated. 


For switching of high-current inductive loads, which must 
be turned on at zero line current, the triggering technique 
employed in the dual-output over-under temperature 
controller and the transient-free switch controller described 
subsequently in this Note is recommended. 


Switching of Inductive Loads 

For proper driving of a thyristor in full-cycle operation, 
gate drive must be applied soon after the voltage across the 
device reverses. When resistive loads are used, this reversal 
occurs as the line voltage reverses. With loads of other power 
factors, however, it occurs as the current through the load 
becomes zero and reverses. 


There are several methods for switching an inductive load at 
the proper time. If the power factor of the load is high (i-e., if 
the load is only slightly inductive), the pulse may be delayed 
by addition of a suitable capacitor between terminals 5S and 7, 
as described previously. For highly inductive loads, however, 
this method is not suitable, and different techniques must be 
used. 

If gate current is continuous, the triac automatically 
commutates because drive is always present when the voltage 
reverses. This mode is established by connection of terminals 7 
and 12. The zero-crossing detector is then disabled so that 
current is supplied to the triac gate whenever called for by the 


sensing amplifier. Although the Kt l-eliminating function of 
the zero-voltage switch is inhibited when the zero-crossing 
detector is disabled, there is no problem if the load is highly 
inductive because the current in the load cannot change 
abruptly. 


* Formerly RCA 40526 


Circuits that use a sensitive-gate triac to shift the firing 
point of the power triac by approximately 90 degrees have 
been designed. If the primary Joad is inductive, this phase shift 
corresponds to firing at zero current in the load. However, 
changes in the power factor of the load or tolerances of 
components will cause errors in this firing time. 

The circuit shown in Fig. 19 uses a CA3086 
integrated-circuit transistor array to detect the absence of load 
current by sensing the voltage across the triac. The internal 
zero-crossing detector is disabled by connection of terminal 12 
to terminal 7, and control of the output is made through the 
external inhibit input, terminal 1. The circuit permits an 
output only when the voltage at point A exceeds two Vp 
drops, or 1.3 volts. When A is positive, transistors Q3 and Qg 
conduct and reduce the voltage at terminal | below the inhibit 
state. When A is negative, transistors Q; and Q») conduct. 
When the voltage at point A is less than +1.3 volts, neither of 
the transistor pairs conducts; terminal | is then pulled positive 
by the current in resistor R3, and the output in inhibited. 
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Fig. 19 — Use of the CA3058 or CA3059 together with CA3086 for 
switching inductive loads. 


The circuit shown in Fig. 19 forms a pulse of gate current 
and can supply high peak drive to power traics with low 
average current drain on the internal supply. The gate pulse 
will always last just long enough to latch the thyristor so that 


there is no problem with delaying the pulse to an optumum 
time. As in other circuits of this type, RFI results if the load is 
not suitably inductive because the zero-crossing detector is 
disabled and initial turn-on occurs at random. 

The gate pulse forms because the voltage at point A when 
the thyristor is on is less than 1.3 volts: therefore, the output 
of the zero-voltage switch is inhibited, as described above. The 
resistor divider R; and Ry should be selected to assure this 
condition. When the triac is on, the voltage at point A is 
approximately one-third of the instantaneous on-state voltage 
(vp) of the thyristor. For most RCA thyristors, vp (max) is 
less than 2 volts, and the divider shown is a conservative one. 
When the load current passes through zero, the triac 
commutates and turns off. Because the circuit is still being 
driven by the line voltage, the current in the load attempts to 
reverse, and voltage increases rapidly across the “turned-off” 
triac. When this voltage exceeds 4 volts, one portion of the 
CA3086 conducts and removes the inhibit signal to permit 
application of gate drive. Turning the triac on causes the 


voltage across it to drop and thus ends the gate pulse. If the 
latching current has not been attained, another gate pulse 
forms, but no discontinuity in the load current occurs. 


Provision of Negative Gate Current 

Triacs trigger with optimum sensitivity when the polarity of 
the gate voltage and the voltage at the main terminal 2 are 
similar at and II’ modes). Sensitivity is degraded when the 
polarities are opposite (I and ut modes). Although RCA 
triacs are designed and specified to have the same sensitivity in 
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both I’ and Tit modes, some other types have very poor 
sensitivity in the IlI* condition. Because the zero-voltage 
switch supplies positive gate pulses, it may not directly drive 
some higher-current triacs of these other types. 

The circuit shown in Fig. 20(a) uses the negative-going 
voltage at terminal 3 of the zero-voltage switch to supply a 
negative gate pulse through a capacitor. The curve in 
Fig. 20(b) shows the approximate peak gate current as a 
function of gate voltage VG. Pulse width is approximately 
80 microseconds. 


RL 


CA3058 
CA3059 


(a) 40 


< 
E 
pn 
z 
w 
vq 
« 
3 
20 
Ww 
> 
< 
re) 
x 
<. 
Lvs) 
a 


ie) -t -2 -3 
(b) GATE VOLTAGE (Vg) —Vv 


Fig. 20 — Use of the CA3058 or CA3059 to provide negative gate 
pulses: (a) schematic diagram; (b) peak gate current {at 
terminal 3) as a function of gate voltage. 


Operation with Low-Impedance Sensors 

Although the zero-voltage switch can operate satisfactorily 
with a wide range of sensors, sensitivity is reduced when 
sensors with impedances greater than 20,000 ohms are used. 
Typical sensitivity is one per cent for a 5000-ohm sensor and 
increases to three per cent for a 0.1-megohm sensor. 

Low-impedance sensors present a different problem. The 
sensor bridge is connected across the internal power supply 
and causes a current drain. A 5000-ohm sensor with its 
associated 5000-ohm series resistor draws less than 
1 milliampere. On the other hand, a 300-ohm sensor draws a 
current of 8 to 10 milliampers from the power supply. 


Fig. 21 shows the 600-ohm load line of a 300-ohm sensor 
on a redrawn power-supply regulation curve for the 
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Fig. 21 — Power-supply regulation of the CA3058 or CA3059 with a 
300-ohm sensor (600-ohm load) for two values of series 
resistor. 
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zero-voltage switch. When a 10,000-ohm series resistor is used, 
the voltage across the circuit is less than 3 volts and both 
sensitivity and output current are significantly reduced. When 
a 5000-ohm series resistor is used, the supply voltage is nearly 
5 volts, and operation is approximately normal. For more 
consistent operation, however, a 4000-ohm series resistor is 
recommended. 


Althougn positive-temperature-coetficient (PTC) sensors 
rated at 5 kilohms are available, the existing sensors in ovens 
are usually of a much lower value. The circuit shown in Fig. 22 
is offered to accommodate these inexpensive metal-wound 
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Fig. 22 — Schematic diagram of circuit for use with low-resistance 
sensor. 


sensors. A schematic diagram of the RCA CA3080 
integrated-circuit operational transconductance amplifier used 
in Fig. 22, is shown in Fig. 23. With an amplifier bias current, 
Iapc, of 100 microamperes, a forward transconductance of 
2 milliohms is achieved in this configuration. The CA3080 
switches when the voltage at terminal 2 exceeds the voltage at 
terminal 3. This action allows the sink current, I,, to flow 
from terminal13 of the zero-voltage switch (the input 
impedance to terminal 13 of the zero-voltage switch is 
approximately 50 kilohms); gate pulses are no longer applied 
to the triac because Q> of the zero-voltage switch is on. Hence, 
if the PTC sensor is cold, i.e., in the low resistance state, the 
load is energized. When the temperature of the PTC sensor 
increases to the desired temperature, the sensor enters the high 
resistance state, the voltage on terminal 2 becomes greater 
than that on terminal 3, and the triac switches the load off. 


vr 


INVERTING 
INPUT 
NON- 
INVERTING 
INPUT 


AMPLIFIER 
BIAS INPUT 


92CS-17587 


Fig. 23 — Schematic diagram of the CA3080. 


Further cycling depends on the voltage across the sensor. 
Hence, very low values of sensor and potentiometer resistance 
can be used in conjunction with the zero-voltage switch power 
supply without causing adverse loading effects and impairing 
system performance. 


Interfacing Techniques 

Fig. 24 shows a system diagram that illustrates the role of 
the zero-voltage switch and thyristor as an interface between 
the logic circuitry and the load. There are several basic 


interfacing techniques. Fig. 25(a) shows the direct input 
technique. When the logic output transistor is switched from 
the on state (saturated) to the off state, the load will be 
turned on at the next zero-voltage crossing by means of the 
interfacing zero-voltage switch and the triac. When the logic 
output transistor is switched back to the on_ state, 
zero-crossing pulses from the zero-voltage switch to the triac 
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Fig. 24 — The zero-voltage switch and thyristor as an interface. 


gate will immediately cease. Therefore, the load will be turned 
off when the triac commutates off as the sine-wave load 
current goes through zero. In this manner, both the turn-on 
and turn-off conditions for the load are controlled. 

When electrical isolation between the logic circuit and the 
load is necessary, the isolated-input technique shown in 
Fig. 25(b) is used. In the technique shown, optical coupling is 
used to achieve the necessary isolation. The logic output 
transistor switches the light-source portion of the isolator. The 
light-sensor portion changes from a high impedance to a low 
impedance when the logic output transistor is switched from 
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(b) 
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Fig. 25 — Basic interfacing techniques: (a) direct input; (b) isolated 
input. 

off to on. The light sensor is connected to the differential 

amplifier input of the zero-voltage switch, which senses the 

change of impedance at a threshold level and switches the load 

on as in Fig. 25(a). 


Sensor Isolation 


In many applications, electrical isolation of the sensor from | 


the ac input line is desirable. Several isolation techniques 
are shown in Figs. 26, 27, and 28. 

Transformer Isolation — In Fig. 26, a pulse transformer 
is used to provide electrical isolation of the sensor from 
incoming ac power lines. The pulse transformer T, isolates the 
sensor from terminal No.1 of the triac Y;, and transformer 
Tz isolates the CA3058 or CA3059 from the power lines. 
Capacitor C, shifts the phase of the output pulse at terminal 
No. 4 in order to retard the gate pulse delivered to triac Y, to 
compensate for the small phase-shift introduced by 
transformer T). 

Many applications require line isolation but not zero-voltage 
switching. A line-isolated temperature controller for use with 
inductive or resistive loads that does not include zero-voltage 
switching is shown in Fig. 27. 


In temperature monitoring or control applications the sensor 
may be a temperature-dependent element such as a resistor, 
thermistor, or diode. The load may be a lamp, bell, horn, re- 
corder or other appropriate device connected in a feedback re- 
lationship to the sensor. 


For the purpose of the following explanation, assume that 
the sensor is a resistor having a negative temperature coefficient 
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Fig. 26 — Zero-voltage switch, on-off controller with an isolated sensor. 


| INPUT 


*Ro DETERMIMES DRIVE TO TRIAC 


HE 


SNUBBER FOR LIGHT INDUCTIVE LOADS 
92CM - 29866R! 


Fig. 27 — A line-isolated temperature controller for use with inductive or 
resistive loads; this controller does not include zero-voltage switching. 


and that the load is a heater thermally coupled to the sensor, 
the object being to maintain the thermal-coupling medium at a 
desired reference temperature. Assume initially that the temper- 
ature at the coupling medium is low. 


The operating potentials applied to the bridge circuit pro- 
duce a common-mode potential, Vcy, at the input terminals 
of the CA3094. Assuming the bridge to have been initially 
balanced (by adjustment of R4), the potential at point A will 
increase when temperature is low since it was assumed that the 
sensor has a negative temperature coefficient. The potential at 
the noninverting terminal, being greater than that at the in- 
verting terminal at the amplifier, causes the multivibrator to 
oscillate at approximately 10 kHz. The oscillations are trans- 
former-coupled through a current-limiting resistor to the gate 
of the thyristor, and trigger it into conduction. 

When the thyristor conducts, the load receives ac input 
power, which tends to increase the temperature of the sensor. 
This temperature increase decreases the potential at point A 
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60 Hz 
100 pF 


PHOTO 
COUPLED 
ISOLATOR 


(INPUT 


to a value below that at point B and the multivibrator 
is disabled, which action, in turn, turns off the thyristor. 
The temperature is thus controlled in an on-off fashion. 
_ Capacitor C, is used to provide a low impedance path to 
ground for feedback-induced signals at terminal No. 5 while 
blocking the direct current bias provided by resistor R1. Re- 
sistor R2 provides current limiting. Resistor R3 limits the 
secondary current of the transformer to prevent excessive 
current flow to the control terminal of the CA3094. 


Photocoupler Isolation — In Fig. 28, a photocoupler 
provides electrical isolation of the sensor logic from the 
incoming ac power lines. When a logic “1” is applied at the 
input of the photocoupler, the triac controlling the load will 
be turned on whenever the line voltage passes through zero. 
When a logic “0” is applied to the photocoupler, the triac will 
turn off and remain off until a logic “1” appears at the input 
of the photocoupler. 
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Fig. 28 — Zero-voltage switch, on-off controller with photocoupler. 


TEMPERATURE CONTROLLERS 

Fig.29 shows a _  triac used in an_ on-off 
temperature-controller configuration. The triac is turned on at 
zero voltage whenever the voltage V, exceeds the reference 
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Fig. 29 — CA3058 or CA3059 on-off temperature controller. 


voltage V,. The transfer characteristic of this system, shown in 
Fig. 30(a), indicates significant thermal overshoots and 
undershoots, a well-known characteristic of such a system. The 
differential or hysteresis of this system, however, can be 
further increased, if desired, by the addition of positive 
feedback. 
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Fig. 30 — Transfer characteristics of (a) on-off and {b) proportional 
control systems. 


For precise temperature-control applications, the 
proportional-control technique with synchronous switching is 
employed. The transfer curve for this type of controller is 
shown in Fig. 30(b). In this case, the duty cycle of the power 
supplied to the load is varied with the demand for heat 
required and the thermal time constant (inertia) of the system. 
For example, when the temperature setting is increased in an 
on-off type of controller, full power (100 per cent duty cycle) 
is supplied to the system. This effect results in significant 
temperature excursions because there is no anticipatory circuit 
to reduce the power gradually before the actual set 
temperature is achieved. However, in a proportional control 


technique, less power is supplied to the load (reduced duty 
cycle) as the error signal is reduced (sensed temperature 
approaches the set temperature). 


Before such a system is implemented, a time base is chosen 
so that the on-time of the triac is varied within this time base. 
The ratio of the on-to-off time of the triac within this time 
interval depends on the thermal time constant of the system 
and the selected temperature setting. Fig. 31 illustrates the 
principle of proportional control. For this operation, power is 
supplied to the load until the ramp voltage reaches a value 
greater than the dc control signal supplied to the opposite side 
of the differential amplifier. The triac then remains off for the 
remainder of the time-base period. As a result, power is 
“proportioned” to the load in a direct relation to the heat 
demanded by the system. 


For this application, a simple ramp generator can be 
realized with a minimum number of active and passive 
components. A ramp having good linearity is not required for 
proportional operation because of the nonlinearity of the 
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Fig. 31 — Principles of proportional control. 


thermal system and the closed-loop type of control. In the 
circuit shown in Fig. 32, the ramp voltage is generated when 
the capacitor C, charges through resistors Rg and Ry. The 
time base of the ramp is determined by resistors Rz and R3, 
capacitor Cz, and the breakover voltage of the D3202U* diac. 
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Fig. 32 — Ramp generator. 


When the voltage across C7 reaches approximately 32 volts, 
the diac switches and turns on the 2N697S transistor and 
1N914 diodes, The capacitor Cy; then discharges through the 
collector-to-emitter junction of the transistor. This discharge 
time is the retrace or flyback time of the ramp. The circuit 
shown can generate ramp times ranging from 0.3 to 
2.0 seconds through adjustment of Ry. For precise 
temperature regulation, the time base of the ramp should be 
shorter than the thermal time constant of the system, but long 
with respect to the period of the 60-Hz line voltage. Fig. 33 
shows a triac connected for the proportional mode. 
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lag the incoming line voltage. The motors, however, are 
switched by the triacs at zero current, as shown in Fig. 34(b). 


The problem of driving inductive loads such as these motors 
by the narrow pulses generated by the zero-voltage switch is 
solved by use of the sensitive-gate RCA-40526 triac. The high 
sensitivity of this device (3 milliamperes maximum) and low 
latching current (approximately 9 milliamperes) permit 
synchronous operation of the temperature-controller circuit. 
In Fig. 34(a), it is apparent that, though the gate pulse Ve of 
triac Y, has elapsed, triac Y2 is switched on by the current 
through Ry. The low latching current of the RCA-40526 
triac results in dissipation of only 2 watts in Ry 1, as opposed 
to 10 to 20 watts when devices that have high latching 


currents are used. 
O.5A 
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Fig. 34 — Dual output, over-under temperature controller (a) circuit, 
(b) voltage and current waveforms. 
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Fig. 33 — CA3058 or CA3059 proportional temperature controller. 


Fig. 34(a) shows a dual-output temperature controller that 
drives two triacs. When the voltage V, developed across the 
temperature-sensing network exceeds the reference voltage 
Vri, motor No.1 turns on. When the voltage across the 
network drops below the reference voltage Vp 2, motor No. 2 
turns on. Because the motors are inductive, the currents Ij; 


Electric-Heat Application 

For  electric-heating applications, the RCA-2N5444 
40-ampere triac and the zero-voltage switch constitute an 
optimum pair. Such a combination provides synchronous 
switching and effectively replaces the heavy-duty contactors 
which easily degrade as a result of pitting and wearout from 
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Fig. 35 ~ Synchronous-switching heat-staging controller using a series 


of zero-voltage switches. 


the switching transients. The salient features of the 2N5444 
40-ampere triac are as follows: 

(1) 300-ampere single-surge capability (for operation at 
60-Hz), 

(2) a typical gate sensitivity of 20 milliamperes in the i(*) 
and III(*) modes, 

(3) low on-state voltage of 1.5 volts maximum at 
40 amperes, and 

(4) available Vp rom equal to 600 volts. 


Fig. 35 shows the circuit diagram of a 
synchronous-switching heat-staging controller that is used for 
electric heating systems. Loads as heavy as 5 kilowatts are’ 
switched sequentially at zero voltage to eliminate RFI and 
prevent a dip in line voltage that would occur if the full 
25 kilowatts were to be switched simultaneously. 


Transistor Q; and Q4 are used as a constant-current source 
to charge capacitor C in alinear manner. Transistor Q2 acts as a 
buffer stage. When the thermostat is closed, a ramp voltage is 
provided at output E,. At approximately 3-second intervals, 
each 5-kilowatt heating element is switched onto the power 
system by its respective triac. When there is no further demand 
for heat, the thermostat opens, and capacitor C discharges 
through R, and R2 to cause each triac to turn off in the 
reverse heating sequence. It should be noted that some 
half-cycling occurs before the heating element is switched fully 
on. This condition can be attributed to the inherent 
dissymmetry of the triac and is further aggravated by the 
slow-rising ramp voltage applied to one of the inputs. The 
timing diagram in Fig. 36 shows the turn-on and turn-off 
sequence of the heating system being controlled. 
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Fig. 36 — Ramp-voltage waveform for the heat-staging controller. 


Seemingly, the basic method shown in Fig. 35 could be 
modified to provide proportional control in which the number 
of heating elements switched into the system, under any given 
thermal load, would be a function of the BTU’s required by 
the system or the temperature differential between an indoor 
and outdoor sensor within the total system environment. That 
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is, the closing of the thermostat would not switch in all the 
heating elements within a short time interval, which inevitably 
results in undesired temperature excursions, but would switch 
in only the number of heating elements required to satisfy the 
actual heat load. 


Oven/Broiler Control 
Zero-voltage switching is demonstrated in the oven control 
circuit shown in Fig. 37. In this circuit. a sensor element is 
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Fig. 37 — Schematic diagram of basic oven control. 
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included in the oven to provide a closed-loop system for 
accurate control of the oven temperature. 


As shown in Fig. 37, the temperature of the oven can be 
adjusted by means of potentiometer Rj, which acts, together 
with the sensor, as a voltage divider at terminal 13. The voltage 
at terminal 13 is compared to the fixed bias at terminal 9 
which is set by internal resistors R4 and R5. When the oven is 
cold and the resistance of the sensor is high, transistors Q> and 
Q, are off, a pulse of gate current is applied to the triac, and 
heat is applied to the oven. Conversely, as the desired 
temperature is reached, the bias at terminal 13 turns the triac 
off. The closed-loop feature then cycles the oven element on 
and off to maintain the desired temperature to approximately 
+2°C of the set value. Also, as has been noted, external 
resistors between terminals 13 and 8, and 7 and 8, can be used 
to vary this temperature and provide hysteresis. In Fig. 11, a 
circuit that provides approximately 10-per-cent hysteresis is 
demonstrated. 

In addition to allowing the selection of a hysteresis value, 
the flexibility of the control circuit permits incorporation of 
other features. A PTC sensor is readily used by interchanging 
terminals 9 and 13 of the circuit shown in Fig. 37 and 
substituting the PTC for the NTC sensor. In both cases, the 
sensor element is directly returned to the system ground or 
common, as is often desired. Terminal 9 can be connected by 
external resistors to provide for a variety of biasing, e.g., to 
match a lower-resistance sensor for which the switching-point 
voltage has been reduced to maintain the same sensor current. 

To accommodate the self-cleaning feature, external 
switching, which enables both broiler and oven units to be 
paralleled, can easily be incorporated in the design. Of course, 
the potentiometer must be capable of a setting such that the 
sensor, which must be characterized for the high, self-clean 
temperature, can monitor and establish control of the 
high-temperature, self-clean mode. The ease with which this 
self-clean mode can be added makes the over-all solid-state 
systems cost-competitive with electromechanical systems of 
comparable capability. In addition, the system incorporates 
solid-state reliability while being neater, more easily calibrated, 
and containing less-costly system wiring. 

Integral-Cycle Temperature Controller (No half-cycling) 

If a temperature controller which is completely devoid of 
half-cycling and hysteresis is required, then the circuit shown 
in Fig. 38 may be used. This type of circuit is essential for 
applications in which half-cycling and the resultant dc 
component could cause overheating of a power transformer on 
the utility lines. 

In the integral-cycle controller, when the temperature being 
controlled is low, the resistance of the thermistor is high, and 
an output signal at terminal 4 of zero volts is obtained. The 
SCR (Y;), therefore, is turned off. The triac (Y2) is then 
triggered directly from the line on positive cycles of the ac 
voltage. When Y> is triggered and supplies power to the load 
R,, capacitor C is charged to the peak of the input voltage. 
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Fig. 38 — Integral-cycle temperature controller in which half-cycling effect is eliminated. 
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Fig. 39 — CA3058 or CA3059 integral-cycle temperature controller 
that features a protection circuit and no half-cycling effect. 


When the ac line swings negative, capacitor C discharges 
through the triac gate to trigger the triac on the ‘negative 
half-cycle. The diode-resistor-capacitor ‘‘slaving network” 
triggers the triac on negative half-cycle to provide only integral 
cycles of ac power to the load. 

When the temperature being controlled reaches the desired 
value, as determined by the thermistor, then a positive voltage 
level appears at terminal 4 of the zero-voltage switch. The SCR 
then starts to conduct at the beginning of the positive input 
cycle to shunt the trigger current away from the gate of the 
triac. The triac is then turned off. The cycle repeats when the 
SCR is again turned OFF by the zero-voltage switch. 

The circuit shown in Fig. 39 is similar to the configuration 
in Fig. 38 except that the protection circuit incorporated in 
the zero-voltage switch can be used. In this new circuit, the 
NTC sensor is connected between terminals 7 and 13, and 
transistor Qg inverts the signal output at terminal 4 to nullify 
the phase reversal introduced by the SCR (Y,). The internal 
power supply of the zero-voltage switch supplies bias current 
to transistor Qy. 

Of course, the circuit shown in Fig. 39 can readily be 
converted to a true proportional integral-cycle temperature 
controller simply by connection of a positive-going ramp 
voltage to terminal 9 (with terminals 10 and 11 open), as 
previously discussed in this Note. 


Thermocouple Temperature Control 

Fig. 40 shows the CA3080A operating as a pre-amplifier for 
the zero-voltage switch to form a zero-voltage switching circuit 
for use with thermocouple sensors. 
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switching. 


= ALL RESISTORS |/2 WATT 
UNLESS OTHERWISE SPECIFIED 
92CS- 22619 


zero-voltage 


temperature control with 


Thermocouple Temperature Control with Zero-Voltage Load 
Switching 

Fig. 41 shows the circuit diagram of a thermocouple temp- 
erature control system using zero-voltage load switching. It 
should be noted that one terminal of the thermocouple is con- 
nected to one leg of the supply line. Consequently, the thermo- 
couple can be “ground-referenced”, provided the appropriate 


leg of the ac line is maintained at ground. The comparator, A] 
(a CA3130), is powered from a 6.4-volt source of potential 
provided by the zero-voltage-switch (ZVS) circuit (a CA3079). 
The ZVS, in turn, is powered off-line through a series-dropping 
resistor R6. Terminal 4 of the ZVS provides trigger-pulses to 
the gate of the load-switching triac in response to an appro- 
priate control signal at terminal 9. 
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Fig. 41 — Thermocouple temperature control with zero-voltage 
switching. 


The CA3130 is an ideal choice for the type of comparator 
circuit shown in Fig. 41 because it can ““ccompare” low voltages 
(such as those generated by a thermocouple) in the proximity 
of the negative supply rail. Adjustment of potentiometer RI 
drives the voltage-divider network R3, R4 so that reference 
voltages over the range of 0 to 20 millivolts can be applied to 
noninverting terminal 3 of the comparator. Whenever the 
voltage developed by the thermocouple at terminal 2 is more 
positive than the reference voltage applied at terminal 3, the 
comparator output is toggled so as to sink current from ter- 
minal 9 of the ZVS; gate pulses are then no longer applied to 
the triac. As shown in Fig. 41] the circuit is provided with a 
control-point “hysteresis” of 1.25 millivolts.” 

Nulling of the comparator is performed by means of the 
following procedure: Set RI at the low end of its range and 
short the thermocouple output signal appropriately. If the 
triac is in the conductive mode under these conditions, adjust 
nulling potentiometer RS to the point at which triac conduc- 
tion is interrupted. On the other hand, if the triac is in the non- 
conductive mode under the conditions above, adjust R5 to the 
point at which triac conduction commences. The thermo- 
couple output signal should then be unshorted, and R1 can be 
set to the voltage threshold desired for control-circuit operation. 


MACHINE CONTROL AND AUTOMATION 
The earlier section on interfacing techniques indicated 
several techniques of controlling ac loads through a logic 
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system. Many types of automatic equipment are not complex 
enough or large enough to justify the cost of a flexible logic 
system. A special circuit, designed only to meet the control 
requirements of a particular machine, may prove more 
economical. For example, consider the simple machine shown 
in Fig. 42; for each revolution of the motor, the belt is 
advanced a prescribed distance, and the strip is then punched. 
The machine also has variable speed capability. 
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Fig. 42 — Step-and-punch machine. 


The typical electromechanical control circuit for such a 
machine might consist of a mechanical cambank driven by a 
separate variable speed motor, a time delay relay, and a few 
logic and power relays. Assuming use of industrial-grade 
controls, the control system could get quite costly and large. 
Of greater importance is the necessity to eliminate transients 
generated each time a relay or switch energizes and deenergizes 
the solenoid and motor. Fig. 43 shows such transients, which 
might not affect the operation of this machine, but could 
affect the more sensitive solid-state equipment operating in the 
area. 

A more desirable system would use triacs and zero-voltage 
switching to incorporate the following advantages: 

a. Increased reliability and long life inherent in 

solid-state devices as opposed to moving parts and 
contacts associated with relays. 
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Fig. 43 — Transients generated by relay-contact bounce and non-zera 
turn-off of inductive load. 


b. Minimized generation of EMI/RFI using zero-voltage 
switching techniques in conjunction with thyristors. 
c. Elimination of high-voltage transients generated by 
relay-contact bounce and contacts breaking inductive 
loads, as shown in Fig. 42. 
d. Compactness of the control system. 
The entire control system could be on one printed-circuit 
board, and an over-all cost advantage would be achieved. 
Fig. 44 is a timing diagram for the proposed solid-state 
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Fig. 44 — Timing diagram for proposed solid-state machine control. 
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machine control, and Fig. 45 is the corresponding control 
schematic. A variable-speed machine repetition rate pulse is set 
up using either a unijunction oscillator or a transistor astable 
multivibrator in conjunction with a 10-millisecond one-shot 
multivibrator. The first zero-voltage switch in Fig. 45 is used 
to synchronize the entire system to zero-voltage crossing. Its 
output is inverted to simplify adaptation to the rest of the 
circuit. The center zero-voltage switch is used as an interface 
for the photo-cell, to control one revolution of the motor. The 
gate drive to the motor triac is continuous dc, starting at zero 
voltage crossing. The motor is initiated when both the machine 
rate pulse and the zero-voltage sync are at low voltage. The 
bottom zero-voltage switch acts as a time-delay for pulsing the 
solenoid. The inhibii input, terminal 1, is used to assure that 
the solenoid will not be operated while the motor is running. 
The time delay can be adjusted by varying the reference level 
(50K potentiometer) at terminal 13 relative to the capacitor 
charging to that level on terminal 9. The capacitor is reset by 
the SCR during the motor operation. The gate drive to the 
solenoid triac is direct current. Direct current is used to trigger 
both the motor and solenoid triacs because it is the most 
desirable means of switching a triac into an inductive load. The 
output of the zero-voltage switch will be continuous de by 
connecting terminal 12 to common. The output under dc 
operation should be limited to 20 milliamperes. The motor 
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Fig. 45 — Schematic of proposed solid-state machine control, 


triac is synchronized to zero crossing because it is a 
high-crurent inductive load and there is a chance of generating 
RFI. The solenoid is a very low current inductive: load, so 


there would be little chance of generating RFI: therefore, the’ 


initial triac turn-on can be random, which simplifies the 
circuitry. 

This example shows the versatility and advantages of the 
RCA zero-voltage switch used in conjunction with triacs as 
interfacing and control elements for machine control. 


400-Hz TRIAC APPLICATIONS 

The increased complexity of aircraft control systems, and 
the need for greater reliability than electromechanical 
switching can offer, has led to the use of solid-state power 
switching in aircraft. Because 400-Hz power is used almost 
universally in aircraft systems, RCA offers a complete line of 
triacs rated for 400-Hz applications. Use of the RCA 
zero-voltage switch in conjunction with these 400-Hz triacs 
results in a minimum of RFI, which is especially important in 
aircraft. 

Areas of application for 400-Hz triacs in aircraft include: 

a. Heater controls for food-warming ovens and for 

windshield defrosters. 
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b. Lighting controls for instrument panels and cabin 
illumination 

c. Motor controls 

d. Solenoid controls 

e. Power-supply switches 

Lamp dimming is a simple triac application that 
demonstrates an advantage of 400-Hz power over 60-Hz 
power. Fig. 46 shows the adjustment of lamp intensity by 
phase control of the 60-Hz line voltage. RFI is generated by 
the step functions of power each half cycle, requiring 
extensive filtering. Fig. 47 shows a means of controlling power 
to the lamp by the zero-voltage-switching technique. Use of 
400-Hz power makes possible the elimination of complete or 
half cycles within a period (typically 17.5 milliseconds) 
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Fig. 46 — Waveforms for 60-Hz phase-controlled lamp dimmer. 


without noticeable flicker. Fourteen different levels of lamp 
intensity can be obtained in this manner. A line-synced ramp is 
set up with the desired period and applied to terminal No. 9 of 
the differential amplifier within the zero-voltage switch, as 
shown in Fig. 48. The other side of the differential amplifier 
(terminal No. 13) uses a variable reference level, set by the 
SOK potentiometer. A change of the potentiometer setting 
changes the lamp intensity. 
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Fig. 47 ~ Waveforms for 400-Hz zero-voltage-switched lamp dimmer. 


In 400-Hz applications it may be necessary to widen and 
shift the zero-voltage switch output pulse (which is typically 
12 microseconds wide and centered on zero voltage crossing), 
to assure that sufficient latching current is available. The 4K 
resistor (terminal No.12 to common) = and __ the 
0.015-microfarad capacitor (terminal No.5 to common) are 
used for this adjustment. 


SOLID-STATE TRAFFIC FLASHER 

Another application which illustrates the versatility of the 
zero-voltage switch, when used with RCA thyristors, involves 
switching traffic-control lamps. In this type of application, it is 
essential that a triac withstand a current surge of the lamp load 
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Fig. 48 — Circuit diagram for 400-Hz zero-voltage-switched lamp 
dimmer. 


on a continuous basis. This surge results from the difference 
between the cold and hot resistance of the tungsten filament. 
If it is assumed that triac turn-on is at 90 degrees from the 
zero-voltage crossing, the first current-surge peak is 
approximately ten times the peak steady-state value or fifteen 
times the steady-state rms value. The second current-surge 
peak is approximately four times the steady-state rms value. 


When the triac randomly switches the lamp, the rate of 
current rise di/dt is limited only by the source inductance. The 
triac di/dt rating may be exceeded in some power systems. In 
many cases, exceeding the rating results in excessive current 
concentrations in a small area of the device which may 
produce a hot spot and lead to device failure. Critical 
applications of this nature require adequate drive to the triac 
gate for fast turn-on. In this case, some inductance may be 
required in the load circuit to reduce the initial magnitude of 
the load current when the triac is passing through the active 
region. Another method may be used which involves the 
switching of the triac at zero line voltage. This method 
involves the supply of pulses to the triac gate only during the 
presence of zero voltage on the ac line. 


Fig. 49 shows a circuit in which the lamp loads are switched 
at zero line voltage. This approach reduces the initial di/dt, 
decreases the required triac surge-current ratings, increases the 
operating lamp life, and eliminates RFI problems. This circuit 
consists of two triacs, a flip-flop (FF-1), the zero-voltage 
switch, and a diac pulse generator. The flashing rate in this 
circuit is controlled by potentiometer R, which provides 
between 10 and 120 flashes per minute. The state of FF-1 
determines the triggering of triacs Yy or Y2 by the output 
pulses at terminal 4 generated by the zero-crossing circuit. 


Transistors Qy and Q2 inhibit these pulses to the gates of the 
triacs until the triacs turn on by the logical “1” (Voc high) 
state of the flip-flop. 


The arrangement described can also be used for a 
synchronous, sequential traffic-controller system by addition 
of one triac, one gating transistor, a “divide-by-three” logic 
circuit, and modification in the design of the diac pulse 
generator. Such a system can control the familiar red, amber, 
and green traffic signals that are found at many intersections. 
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Fig. 49 — Synchronous-switching traffic flasher. 


SYNCHRONOUS LIGHT FLASHER 
Fig.50 shows a _ simplified version of the 
synchronous-switching traffic light flasher shown in Fig. 49. 
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Fig. 50 — Synchronous fight flasher. 


Flash rate is set by use of the curve shown in Fig..16. If a more 
precise flash rate is required, the ramp generator described 
previously may be used. In this circuit, ZVS, is the master 
control unit and ZVS>2 is slaved to the output of ZVS, 
through its inhibit terminal (terminal 1). When power is 
applied to lamp No. 1, the voltage of terminal 6 on ZVS, is 
high and ZVS2 is inhibited by the current in R,. When lamp 
No. | is off, ZVS»2 is not inhibited, and triac Y> can fire. The 
power supplies operate in parallel. The on-off, sensing amplifier 
in ZVS32 is not used. 


TRANSIENT-FREE SWITCH CONTROLLERS 

The zero-voltage switch can be used as a simple solid-state 
switching device that permits ac currents to be turned on or 
off with a minimum of electrical transients and circuit noise. 

The circuit shown in Fig. 51 is connected so that, after the 
control terminal 14 is opened, the electronic logic waits until 
the power-line voltage reaches a zero crossing before power is 
applied to the load Z;_. Conversely, when the control terminals 
are shorted, the load current continues until it reaches a zero 
crossing. This circuit can switch a load at zero current whether 
it is resistive or inductive. 


The circuit shown in Fig. 52 is connected to provide the 
opposite control logic to that of the circuit shown in Fig. 51. 
That is, when the switch is closed, power is supplied to the 
load, and when the switch is opened, power is removed from 
the load. 

In both configurations, the maximum rms load current that 
can be switched depends on the rating of triac Y2. If Y is an 
RCA-2N5444 triac, an rms current of 40 amperes can be 
switched. 


DIFFERENTIAL COMPARATOR FOR INDUSTRIAL USE 

Differential comparators have found widespread use as limit 
detectors which compare two analog input signals and provide 
a go/no-go, logic *one” or logic “zero” output, depending 
upon the relative magnitudes of these signals. Because the 
signals are often at very low voltage levels and very accurate 
discrimination is normally required between them, differential 
comparators in many cases employ differential amplifiers as a 
basic building block. However, in many industrial control 
applications, a high-performance differential comparator is not 
required. That is, high resolution, fast switching speed, and 
similar features are not essential. The zero-voltage switch is 
ideally suited for use in such applications. Connection of 
terminal 12 to terminal 7 inhibits the zero-voltage threshold 
detector of the zero-voltage switch, and the circuit becomes a 
differential comparator. 

Fig. 53 shows the circuit arrangement for use of the 
zero-voltage switch as a differential comparator. In this 


application, no external dc supply is required, as is the case. 


with most commercially available integrated-circuit 
comparators; of course, the output-current capability of the 
zero-voltage switch is reduced because the circuit is operating 
in the dc mode. The 1000-ohm resistor Rg, connected 
between terminal 4 and the gate of the triac, limits the output 
current to approximately 3 milliamperes. 

When the zero-voltage switch is connected in the dc mode, 
the drive current for terminal 4 can be determined from a 
curve of the external load current as a function of dc voltage 


ICAN-6182 


O ' 
* 
O.1 pF pe R 
25 V 0C 
| I 
ur 
Y, 100 | Y. 
T2301B" v\ 4 
MT2 N | 7 T23018 * 
1Svoc|+ MT2 
120 VAC 
60 Hz 
\K 
\/2W 
i 
0.1 BF 
200 
voc 


%*1F Yo, FOR EXAMPLE, IS A 40-AMPERE TRIAC, THEN R, MUST BE OECREASED TO SUPPLY 
SUFFICIENT Igy FOR Yp. 


@ FORMERLY RCA 40691 92CM-22629 


Fig. 51 — Zero-voltage switch transient-free switch controller in which 
power is supplied to the load when the switch is open. 
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Fig. 52 — Zero-voltage switch transient-free switch controller in which 
power is applied to the load when the switch is closed. 
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Fig. §3 — Differential comparator using the CA3058 or CA3059 
integrated-circuit zero-voltage switch. 
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from terminals 2 and 7. This curve is shown in the technical 


bulletin for RCA integrated-circuit zero-voltage switches, File 


No. 490. Of course, if additional output current is required, an 
external dc supply may be connected between terminals 2 
and 7, and resistor Rx (shown in Fig. 53) may be removed. 


The chart below compares some of the operating 
characteristics of the zero-voltage switch, when used as a 
comparator, with a typical high-performance commercially 
available integrated-circuit differential comparator. 


Zero-Voltage Typical 


Switch Integrated-Circuit 
Parameters (Typical Values) Comparator (710) 
Sensitivity 30 mV 2mvV 
Switching speed > 20 us 90 ns 


(rise time) 


Output drive *A5Vat<4mA 3.2 Vat<5.0mA 


capability 


* Refer to Fig. 20; Rx equals 5000 ohms. 


POWER ONE-SHOT CONTROL 

Fig. 54 shows a circuit which triggers a triac for one complete 
half-cycle of either the positive or negative alternation of the 
ac line voltage. In this circuit, triggering is initiated by the 
push button PB-1, which produces triggering of the triac near 
zero voltage even though the button is randomly depressed 
during the ac cycle. The triac does not trigger again until the 
button is released and again depressed. This type of logic is 
required for the solenoid drive of electrically operated stapling 
guns, impulse hammers, and the like, where load-current flow 
is required for only one complete half-cycle. Such logic can 
also be adapted to keyboard consoles in which contact bounce 
produces transmission of erroneous information. 

In the circuit of Fig. 54, before the button is depressed, 
both flip-flop outputs are in the “zero” state. Transistor Qg is 
biased on by the output of flip-flop FF-1. The differential 
comparator which is part of the zero-voltage switch is initially 
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Fig. 54 — Block diagram of a power one-shot control using a 
zero-voltage switch. 


biased to inhibit output pulses. When the push button is 
depressed, pulses are generated, but the state of Qg 
determines the requirement for their supply to the triac gate. 
The first pulse generated serves as a “framing pulse” and does 
not trigger the triac but toggles FF-1. Transistor Qg is then 
turned off. The second pulse triggers the triac and FF-1 which, 
in turn, toggles the second flip-flop FF-2. The output of FF-2 
turns on transistor Q7, as shown in Fig. 55, which inhibits all 
further output pulses. When the pushbutton is released, the 
circuit resets itself until the process is repeated with the 
button. Fig. 56 shows the timing diagram for the described 
operating sequence. 


PHASE CONTROL CIRCUIT 

Fig. 57 shows a circuit using a CA3058 or CA3059 
zero-voltage switch together with two CA3086 
integrated-circuit transistor arrays to form a phase-control 
circuit. This circuit is specifically designed for speed control of 
ac induction motors, but may also be used as a light dimmer. 
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Fig. 55 — Circuit diagram for the power one-shot control. 
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Fig. 56 — Timing diagram for the power one-shot control. 


The circuit, which can be operated from a line frequency of 
50-Hz to 400-Hz, consists of a zero-voltage detector, a 
line-synchronized ramp generator, a zero-current detector, and 
a line-derived control circuit (i.e., the zero-voltage switch). The 
zero-voltage detector (part of CA3086 No. 1) and the ramp 
generator (CA3086 No.2) provide a_ line-synchronized 
ramp-voltage output to terminal 13 of the zero-voltage switch. 
The ramp voltage, which has a starting voltage of 1.8 volts, 
starts to rise after the line voltage passes the zero point. The 
ramp generator has an oscillation frequency of twice the 
incoming line frequency. The slope of the ramp voltage can be 
adjusted by variation of the resistance of the 1-megohm 
ramp-control potentiometer. The output phase can be 
controlled easily to provide 180° firing of the triac by 
programming the voltage at terminal9 of the zero-voltage 
switch. The basic operation of the zero-voltage switch driving a 
thyristor with an inductive load was explained previously in 
the discussion on switching of inductive loads. 


ON/OFF TOUCH SWITCH 
The on/off touch switch shown in Fig. 58 uses the CA3240E 
to sense small currents flowing between two contact points on 


a touch plate consisting of a PC board metallization “grid”. 
When the on plate is touched, current flows between the two 


halves of the grid, causing a positive shift in the output voltage 
(terminal 7) of the CA3240E. These positive transitions are fed 
into the CA3059, which is used as a latching circuit and zero- 
crossing triac driver. When a positive pulse occurs at terminal 
No. 7 of the CA3240E, the triac is turned on and held on by 


the CA3059 and associated positive feedback circuitry (51- 
kilohm resistor and 36-kilohm/42-kilohm voltage divider). 
When the pulse occurs at terminal No. 1, the triac is turned off 
and held off in a similar manner. Note that power for the 
CA3240E is derived from the CA3059 internal power supply. 
The advantage of using the CA3240E in this circuit is that it 
can sense the small currents associated with skin conduction 
while maintaining sufficiently high circuit impedance to pro- 
tect against electrical shock. 


TRIAC POWER CONTROLS FOR 
THREE-PHASE SYSTEMS 


This section describes recommended configurations for 
power-control circuits intended for use with both inductive 
and resistive balanced three-phase loads. The specific design 
requirements for each type of loading condition are discussed. 


In the  power-control circuits described, the 
integrated-circuit zero-voltage switch is used as the trigger 
circuit for the power triacs. The following conditions are also 
imposed in the design of the triac control circuits: 

1.The load should be connected in a_ three-wire 

configuration with the triacs placed external to the load; 
eiter delta or wye arrangements may be used. Four-wire 
loads in wye configurations can be handled as three 
independent single-phase systems. Delta configurations in 
which a triac is connected within each phase rather than 
in the incoming lines can also be handled as three 
independent single-phase systems. ; 

2. Only one logic command signal is available for the 
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Fig. 57 — Phase Control circuit using a CA3058 or CA3059 and two 
CA3086 integrated-circuits. 
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Fig. 58 — On-off touch switch. 


control circuits. This signal must be electrically isolated 
from the three-phase power system. 

3. Three separate triac gating signals are required. 

4.For operation with resistive loads, the zero-voltage 
switching technique should be used to minimize any 
radio-frequency interference (RFI) that may be 
generated. 


Isolation of DC Logic Circuitry 

As explained earlier under Special Application 
Considerations, isolation of the dc logic circuitry* from the ac 
line, the triac, and the load circuit is often desirable even in 
many single-phase power-control applications. In control 
circuits for polyphase power systems, however, this type of 
isolation is essential, because the common point of the dc logic 
circuitry cannot be referenced to a common line in all phases. 


* The dc logic circuitry provides the low-level electrical signal that 
dictates the state of the load. For temperature controls, the dc logic 
circuitry includes a temperature sensor for feedback. The RCA 
integrated-circuit zero-voltage switch, when operated in the dc mode 
with some additional circuitry, can replace the dc logic circuitry for 
temperature controls. 


In the three-phase circuits described in this section, 
photo-optic techniques (i.e., photo-coupled isolators) are used 
to provide the electrical isolation of the dc logic command 
signal from the ac circuits and the load. The photo-coupled 
isolators consist of an infrared light-emitting diode aimed at a 
silicon photo transistor, coupled in a common package. The 
light-emitting diode is the input section, and the photo 
transistor is the output section. The two components provide a 
voltage isolation typically of 1500 volts. Other isolation 
techniques, such as pulse transformers, magnetoresistors, or 
reed relays, can also be used with some circuit modifications. 


Resistive Loads 

Fig. 59 illustrates the basic phase relationships of a 
balanced three-phase resistive. load, such as may be used in 
heater applications, in which the application of load power is 


controlled by zero-voltage switching. The following conditions 
are inherent in this type of application: 

1. The phases are 120 degrees apart; consequently, all three 
phases cannot be switched on simultaneously at zero 
voltage. 

2. A single phase of a wye configuration type of three-wire 
system cannot be turned on. 
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3. Two phases must be turned on for initial starting of the 
system. These two phases form a single-phase circuit 
which is out of phase with both of its component phases. 
The single-phase circuit leads one phase by 30 degrees 
and lags the other phase by 30 degrees. 


These conditions indicate that in order to maintain a 
system in which no appreciable RFI is generated by the 
switching action from initial starting through the steady-state 
operating condition, the system must first be turned on, by 
zero-voltage switching, as a single-phase circuit and then must 
revert to synchronous three-phase operation. 


Fig. 60 shows a simplified circuit configuration of a 
three-phase heater control that employs  zero-voltage 
synchronous switching in the steady-state operating condition, 
with random starting. In this system, the logic command to 
turn on the system is given when heat is required, and the 
command to turn off the system is given when heat is not 
required. Time proportioning heat control is also possible 
through the use of logic commands. 

The three photo-coupled inputs to the three zero-voltage 
switches change state simultaneously in response to a “logic 
command’. The zero-voltage switches then provide a positive 
pulse, approximately 100 microseconds in duration, only at a 
zero-voltage crossing relative to their particular phase. A 
balanced three-phase sensing circuit is set up with the three 
zero-voltage switches each connected to a particular phase on 
their common side (terminal 7) and referenced at their high 
side (terminal 5), through the current-limiting resistors R4, 
R5, and R6, to an established artificial neutral point. This 
artificial neutral point is electrically equivalent to the 
inaccessible neutral point of the wye type of three-wire load 
and, therefore, is used to establish the desired phase 
relationships. The same artificial neutral point is also used to 
establish the proper phase relationships for a delta type of 
three-wire load. Because only one triac is pulsed on at a time, 
the diodes (D1, D2, and D3) are necessary to trigger the 
opposite-polarity triac, and, in this way, to assure initial 
latching-on of the system. The three resistors (R1, R2, and 
R3) are used for current limiting of the gate drive when the 
opposite-polarity triac is triggered on by the line voltage. 


In critical applications that require suppression of all 
generated RFI, the circuit shown in Fig. 61 may be used. In 
addition to synchronous steady-state operating conditions, this 
circuit also incorporates a zero-voltage starting circuit. The 
start-up condition is zero-voltage synchronized to a 
single-phase, 2-wire, line-to-line circuit, comprised of phases A 
and B. The logic command engages the single-phase start-up 
zero-voltage switch and three-phase photo-coupled 
isolators OC13, OC14, OC15 through the photo-coupled 


GATE DRIVE 
REMOVED 


SINGLE PHASE 
TURN-OFF 


SINGLE PHASE START-UP 
(ZERO - VOLTAGE) 


fa) 


oes ROTATION 


92CS- 22636 


(b) 


Fig. 59 ~— Voltage phase relationship for a three-phase resistive load 
when the application of load power is controlied by 
zero-voltage switching: (a) voltage waveforms, (b} load-circuit 
orientation of| voltages. (The dashed lines indicate the normal 
relationship of the phases under steady-state conditions. The 
deviation at start-up and turn-off should be noted.) 
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Fig. 60 — Simplified diagram of a three-phase heater control that 
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Fig. 61 — Three-phase power control that employs zero-voltage 
synchronous switching both for steady-state operation and 
for starting. 
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isolatorsOC11 andOC12. The single-phase zero-voltage 
switch, which is synchronized to phases A and B, starts the 
system at zero voltage. As soon as start-up is accomplished, the 
three photo-coupled isolators OC13, OC14, and OCI5 take 
control, and three-phase synchronization begins. When the 
“logic command” is turned off, all control is ended, and the 
triacs automatically turn off when the sine-wave current 
decreases to zero. Once the first phase turns off, the other two 
will turn off simultaneously, 90° later, as a single-phase 
line-to-line circuit, as is apparent from Fig. 59. 


inductive Loads 

For inductive loads, zero-voltage turn-on is not generally 
required because the inductive current cannot increase 
instantaneously; therefore, the amount of RFI generated is 
usually negligible. Also, because of the lagging nature of the 
inductive current, the triacs cannot be pulse-fired at zero 
voltage. There are several ways in which the zero-voltage 
switch may be interfaced to a triac for inductive-load 
applications. The most direct approach is to use the 
zero-voltage switch in the dc mode, i.e., to provide a 
continuous dc output instead of pulses at points of 
zero-voltage crossing. This mode of operation is accomplished 
by connection of terminal 12 to terminal 7, as shown in 
Fig. 62. The output of the zero-voltage switch should also be 
limited to approximately 5 milliamperes in the dc mode by the 
750-ohm series resistor. Use of a triac sifch as the T2301D* is 
recommended for this application. Terminal 3 is connected to 
terminal 2 to limit the steady-state power dissipation within 
the zero-voltage switch. For most three-phase inductive load 
applications, the current-handling capability of the 40692 triac 
(2.5 amperes) is not sufficient. Therefore, the 40692 is used as 


a trigger triac to turn on any other currently available power 
triac that may be used. The trigger triac is used only to provide 
trigger pulses to the gate of the power triac (one pulse per half 
cycle); the power dissipation in this device, therefore, will be 
minimal. 

Simplified circuits using pulse transformers and reed relays 
will also work quite satisfactorily in this type of application. 
The RC networks across the three power triacs are used for 
suppression of the commutating dv/dt when the circuit 
operates into inductive loads. 


The specific integrated-circuits, triacs, SCR’s, and rectifiers 
included in circuit diagrams shown in this Application Note are 
listed below. Additional information on these devices can be 
obtained by requesting the applicable RCA data-bulletin file 
number. 


Type No. File No. 
CA3058, CA3059, and CA3079 490 
CA3099E 620 
CA3086 483 
CA3080 475 
CD4007A, CD4013A 479 
2N5444 456 
T2800B (40668) 364 
T2300B (40526) 470 
T2301B (40691), T2301D (40692) 431 
164170 (40708) 406 
S2600D (40655) 496 
D1201B (44003) 495 
D3202U (45412) 577 
Nete: Numbers in parenthesis (e.g. 40668) are former 
RCA type numbers. 


* Formerly RCA 40692 
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Fig. 62 — Triac three-phase contro! circuit for an inductive load, i.e., 
three-phase motor. 


517 


ICAN-6222 


DESIGNING WITH AN IC TRANSISTOR ARRAY 


CONTAINING MATCHED 
SUPER-BETA TRANSISTORS 


by T. J. Robe 


Many small-signal, low-frequency, and video-frequency appli- 
cations require an amplifying device with a very high input 
impedance, low input-bias current, and low-noise characteristics 
that can maintain low dc offset voltage and drift. Examples of 
such applications include: 


Small-signal instrumentation - chart recorders, meters, etc. 
Pre-amps for op-amps. 

Magnetic tape-head and phono-cartridge amplifiers. 
Opto-electric amplifiers. 

Medical electronics. 


Devices suitable for such applications are also generally 
applicable in circuits having long time constants, such as 
timers, integrators, monostable oscillators, comparators, and 
low-frequency oscillators. Matched super-beta transistors are 
well suited for use in these applications. 

Super-beta transistors are similar to conventional bipolar 
transistors except that they have betas in the range of 1000 to 
5000; the beta range of a conventional bipolar transistor is 
from 50 to 400. Since super-beta transistors are commonly 
used in high-source-impedance applications that require high 
input impedance and low-noise characteristics, it is equally 
important that they exhibit super-beta performance at operating 
currents of a few microamperes. On the other hand, to achieve 
broadband characteristics in video-amplifier applications, super- 
beta performance must be maintained with collector currents 
of 1 milliampere or more. This Note describes the RCA-CA3095 
super-beta transistor array and discusses its operation in some 
typical applications. 


A TRANSISTOR-ARRAY IC CONTAINING SUPER-BETA 
TRANSISTORS 


Fig.1 shows the schematic diagram of the RCA-CA3095E, a 
monolithic IC! containing an array of n-p-n transistors of 
which Q; and Q> have super-beta characteristics. Q, and Q5 
are connected, in conjunction with transistors Q3 and Qy, ina 
differential-cascode-amplifier configuration. Since the super- 
beta transistors in this IC have a collector-emitter breakdown 
voltage V(gR)CEO Of about 2 volts, it is necessary to limit the 
collector-emitter voltage accordingly. Limiting is accomplished 
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Fig. 1 — Schematic diagram of the CA3095E. 


by means of the voltage-limiting network composed of D, , D> 
and Q5; these components are included on the CA3095E chip. 
With this arrangement, the voltage applied to the bases of Qy 
and Q> can be varied over a wide common-mode voltage range 
while the collector-emitter voltages are restrained within a 
maximum range of about 1.5 volts. The collectors of tran- 
sistors Q3 and Qq have a minimum collector-to-emitter break- 
down voltage of 35 volts. The salient characteristics of the 
differential-cascode amplifier (Q] through Q4) is the “‘super- 
high” ratio between the collector currents (at terminals 10 and 
6) and the base currents (into terminals 9 and 7, respectively ). 
The beta of the circuit is typically in the range of 1000 to 
5000 at collector currents ranging from less than 1 micro- 
ampere to more than | milliampere. As a consequence, ampli- 
fier circuits can be designed to operate with extremely small 
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input base-bias currents. Implicit in this performance are high 
input impedance, low noise, and low dc offset-error effects. 
Transistors Qs, Qg, and Q7 are conventional n-p-n types 
with betas in the range of 150 to 400 at collector currents in 
the range of 1 microampere to 10 milliamperes. These tran- 
sistors also have a minimum collector-emitter breakdown volt- 


age V(BR)CEO of 35 volts. 
Operating the Super-Beta, Differential-Cascode Amplifier 


Application of the differential-cascode amplifier in the 
CA3095E is similar to that of the classical differential-cascode 
amplifier; differential input signals are applied at terminals 7 
and 9 with balanced collector loads connected from terminals 
6 and 10 to the positive supply voltage. The common emitter 
connection, terminal 8, may be made directly or through a 
“current source” (e.g., a transistor or resistor) to the negative 
supply voltage. The circuit in Fig. 2 illustrates the use of 
“mirrored” transistors (Q7, Qg) as a constant-current source 
to provide high emitter impedance for the differential-cascode 
amplifier. As an alternative, a resistor may be used as a 
“current source”’ (as illustrated by the circuit in Figs. 8, 9, 
and 11). The IC substrate (terminal 5) is usually connected di- 
rectly to the negative supply terminal, as shown in Fig. 2, be- 
cause it must be maintained at the most negative potential of 
all elements on the CA3095E chip. 

The only additional requirement for CA3095E operation is 
for bias current into terminal 11 to forward-bias the network 
composed of Dy, D2 and Q5, and to supply base-bias cur- 
rent for transistors Q3 and Q4. This base-bias current can 
be provided by connecting a dropping resistor between termi- 
nal 11 and the positive supply voltage; this arrangement is 
illustrated by the use of resistor RBJAS in Fig. 2. As an 
alternative, this current can be supplied from the positive 
supply to terminal 11 through a p-n-p constant-current-source 
transistor to maximize common-mode and power-supply re- 
jection characteristics. In most applications, however, such a 
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Fig. 2 — Bias arrangement for operation of the super-beta differential- 
cascode amplifier. 


constant-current-source arrangement is not necessary because 
transistor Qs conducts most of the Dj, D2 signal current to 
the IC substrate connected to terminal 5. As a general rule, the 
current supplied to terminal 11 should be approximately 4 to 
10 per cent of the current drawn from terminal 8. The input 
signals to the super-beta transistors (terminals 7 and 9) should 
not be permitted to swing more than 6 volts below the voltage 


at terminal 11 to avoid exceeding the VoRo rating of super- 
beta transistors Q; and Q>. This factor is normally a design 
consideration only when one or both of the input-stage tran- 
sistors is to be biased off. 


Low-Frequency Operation 


When an amplifier is to operate at very low frequencies, or 
as a de amplifier, the signal source must be directly coupled to 
the amplifier input. This coupling requires the use of an 
amplifying device with a very low input dc offset error and 
low offset-error drift with temperature variations. A matched 
differential-cascode amplifier, like the one used in the 
CA3095E, is particularly well suited to this requirement, not 
only because of its low input offset voltage (Vig = 1 mV, 
typical), but also because of its low input offset current (Ip = 
4 nA, typical, at lc = 100 uA). When the input signal is pro- 
vided from a high-impedance source (Rg), both of these 
characteristics assume importance because the total effective 
input-offset-voltage error is the sum of their effects: 

Total Offset Error = Vjo + TTORs 

The differential input impedance in megohms (Zjq in Fig. 3) 

of an amplifier operating at low frequencies is given by: 


Z,q= 26 mV X the number of p-n junctions in the input stage 


MQ 
Ip (in nA) 


where Iyp is the input-stage base-bias current. Consequently, 
the input bias current (Ijp) must be quite low if a high input 
impedance is to be established. The characteristics of the 
super-beta transistors in the CA3095E are well suited for use 
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Fig. 3 — Input circuit for the differential amplifier. 


in de amplifiers requiring high input impedance. For example, 
with the super-beta transistors operating at input-stage emitter 
currents of | microampere and an Hpp of 2000, the base- 
bias current is only 0.5 nanoampere. Under these conditions, 
Z.4 = 26.mvV X_2 
0,5 nA 
Impedance levels of this order can also be realized by using 
negative feedback in connection with devices having higher 
input bias currents, as illustrated by the circuit shown in 
Fig. 4. In this arrangement, the use of the feedback network 
effectively multiplies the differential input impedance. Un- 
fortunately, this arrangement does not avoid the input-offset- 
voltage effect resulting from the flow of unequal currents 
through the signal-source resistance (Rg) and the equivalent 
resistance of the feedback network; i.e., Rj//R¢. Consequently, 
the advantage to be gained by using super-beta transistors is 
apparent. 
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Fig. 4 — Differential input with provisions for feedback. 


Considerations in Low-Noise Performance 


Fig.5 shows the schematic diagram of a noise model 
useful in a review of the considerations pertinent to opti- 
mizing low-noise performance in amplifier operation. 
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Fig. 5 — Sources of noise in the transistor-amplifier stage. 


This model illustrates that consideration must be given to 
three major sources of noise: 


1. Noise contributed by the “‘thermal-noise” voltage de- 
veloped across the signal-source resistance, R,. The magni- 
tude of this voltage in VN Hz is soproxinuately equal to 

V4KTRg for a 1-cycle bandwidth, where k is Boltzmann’s 
constant (1.38 x 10°23 joule/°K), T is the temperature in 
degrees Kelvin, and R, is the source resistance in ohms. 

2. The noise voltage, E,,, resulting from the combined effects 
of shot noise due to emitter current flow and thermal 
noise due to transistor base resistance. These effects add 
in rms fashion to give a total E, equal to (Eshot2 + 
4KTrb 'py2. The shot-noise comporient Eshot> is inversely 
proportional to the square root of Igq, and has a value 


14.2 x 10°12 


Eshot = Fe (Vv 


In super-beta transistors, the base resistance component of 
En tends to dominate, particularly at currents greater than 
10 microamperes. In addition, this component of E, has 
been experimentally found to be inversely related to oper- 
ating current. Therefore, the total value of Ep is inversely re- 

lated to operating current [fQ. For example, the CA3095E 
has a total 1-kHz E, of approximately 15 nV/ VHzat a 

collector current of 5 microamperes and approximately 
8 nV/ JHz at 50 microamperes. 

3. The noise current, Ip, resulting from the combined “shot 
noise” generated by the flow of base current and the 1! /f 
noise generated in the transistor. The magnitude of Ip is 
approximately proportional to ¥Ijp, where Iyp is the base 
current. The value of Ip is typically 0.12 pA/ VHz at f= 
10 Hz when the super-beta differential-cascode amplifier 
in the CA3095E is operating at IEQ = SHA. In decreases 
to approximately 0.03 pA VHz at f = 1 kHz. 

When each input terminal in a differential amplifier is driver 

from a source resistance (R,), the total noise voltage (referred 

to the input, see Fig. 5) per unit bandwidth is given by: 


Enti (in V//Hz) = V2KTRg + 2 (Ing)? + En)? 


When amplifiers are driven from low source impedances, E, is 
the predominant factor in noise contributions, whereas the 
effect of I, predominates when input signals. are supplied 
from high source impedances. Consequently, since the 
CA3095E operates with very high beta at very low operating 
currents, it has exceptionally low values of I,,, and is an excel- 
lent choice to amplify signals from high source resistances when 
low amplifier noise contribution is desired. Additionally, the 
incidence of “popcorn” (burst) noise is low in the CA3095E, 
a characteristic which further enhances its suitability for use in 
amplifying signals supplied from high-impedance sources. Figs. 6 
and 7 show typical data on I, and E, characteristics, 
respectively, as a function of frequency, for the super-beta 
transistors in the CA3095E. 

Because the operating current of the super-beta transistors 
in the CA309SE is adjustable over a wide range, the circuit 
designer can optimize the operating current for maximum 
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Fig. 6 — Noise current 1 n 2S 8 function of frequency f for each super-beta 
cascode-amplifier transistor pair (Q, - Q3 and Qy- Q4). 


signal-to-noise ratio at a particular frequency and source re- 
sistance. This adjustment is accomplished by selecting an 
operating point for which E, is approximately equal to 

(Par Ry. For example, the optimum operating collector 
currents in the differential-cascode amplifier are about 5 micro- 
amperes when the amplifier is to be driven from two 300-kilohm 
source resistors. For operation from higher source resistances, 
the currents should be proportionately lower, and vice versa. 
Operating currents in the range from 0.1 to 1.0 milliampere 
are recommended when the amplifier is to be operated as a 
low-noise video amplifier. At these current levels, the gain- 
bandwidth product (fy) is increased significantly with respect 
to low collector current operation. 


ILLUSTRATIVE CIRCUIT APPLICATIONS 


Like other RCA transistor-array IC’s, the CA3095E offers 
the circuit designer a class of solid-state devices featuring 
matched electrical and thermal characteristics, compactness, 
ease of physical handling, economy, and versatility of use. The 
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Fig.7 — Noise voltage Ey, as a function of frequency f for each super-beta 
cascode-amplifier transistor pair (Q;—Q3 and Qo—Qz4). 


CA3095E is an electronic ‘‘building block” which permits the 
designer to optimize performance of a particular circuit for 
gain, noise, power consumption, bandwidth, and/or other 
specific considerations. Some typical circuit applications of 
the CA3095E are described below. 


High-Input-Resistance Low-Noise Amplifier 


The CA3095E contains all the transistors necessary for the 
construction of a low-noise, feedback amplifier having a high 
input resistance (Ryy = 20 MQ) and a 3-dB bandwidth of 
about 50 kHz. In the circuit shown in Fig. 8, voltage gain is 
provided by a cascade of two stages, the differential-cascode 


stage (Q 1, Q3 -Q2, Q4) and the differential stage (Q7, Qg). 
Transistor Q¢ is an interstage emitter-follower. The voltage 
gain of the amplifier (approximately 30 dB with the circuit 
values shown) is essentially established by the ratio of Rg to 
the parallel combination of R5 and Rg. The Rg, C2 network 
couples feedback around the entire amplifier. Capacitor C4 
provides stabilizing compensation. The output-voltage swing 
(Ey) is typically 3 volts, peak-to-peak. Typical noise-figure 
data are shown in Fig. 8. Power consumption of the amplifier 
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Fig. 8 — High-input-resistance, low-noise amplifier circuit. 


is typically about 750 microamperes at a supply voltage of 
12 volts, although the current in transistors Q; and Qs is less 
than 5 microamperes. 


Low-Noise Video Amplifier 


The circuit shown in Fig. 9 illustrates the use of super-beta 
transistors in the input stage of a video amplifier. The circuit is 
capable of delivering 4 volts, peak-to-peak, of output signal with 
a typical gain of 33 dB across a bandwidth from de to 10 MHz 
(3-dB point). In this application, each super-beta transistor is 
biased for operation at about 400 microamperes to achieve 
wideband operation. The super-beta transistor characteristics 
minimize the contributions to noise generated by noise current 
(I,,) in the input stage. The equivalent input-noise-voltage-vs- 
frequency characteristics for the entire amplifier circuit are 
shown in Fig.10. Transistors Qy through Qq are connected as an 
emitter-coupled pair of cascode amplifiers with a single-ended 


load resistor, R3, to drive a discrete transistor Q-PNP. This 
combination provides sufficient current gain to drive Q¢, the 


voltage-gain-stage transistor, with load resistor Rg. Resistor 
R7 provides a path for dc and ac feedback around this stage. 
Transistor Qg is an emitter-follower output stage. The typical 
current drain of the amplifier is approximately 8 milliamperes 
at a total supply voltage of 10 volts. 
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Fig. 9 — Video amplifier. — 
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Fig. 10 — Equivalent input noise voltage vs frequency for the circuit of 
Fig. 9 
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Long-Delay Monostable Multivibrator 


Super-beta transistors are useful in the design of long- 
delay, monostable multivibrator circuits, as illustrated in the 
circuit of Fig. 11. Basically, the circuit is a differential-cascode 
amplifier biased so that, in the quiescent state, the current 
path through transistors Q; and Q3 is cut off, and the path 
through transistors Qy and Qy is conductive. This arrangement 
is accomplished by biasing the base of transistor Qy so that it 
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Fig. 11 — Long-delay monostable-multivibrator circuit. 


is one step of Vbe (potential e7 = 0.6 V) above the base of 
transistor Q), a condition established by the diode-connected 
transistor Q¢ in shunt with the base of Q>. The timing cycle is 
initiated by the application of a negative-going trigger pulse at 
terminal 13, which is coupled to the base of Q5 through 
diode-connected transistor Q7. Q> is cut off and the output 
voltage rises to essentially V+. Since Q] and Q9 are emitter- 
coupled, Qj is turned on by the trigger pulse, and the potential 
at terminal 10 drops rapidly; this drop pulls the left-side 
electrode of capacitor C toward ground. The right-side electrode 
of capacitor C is connected to the positive 5-volt supply 
terminal through resistor R; this connection permits the 
capacitor to be charged in the exponential characteristic of an 
RC network and, primarily, determines the delay time. 
Eventually, voltage e7 rises sufficiently to again switch Q) on 
(and Q!1 off) so that the output voltage drops to its quiescent 
level (approximately +1.8 V) to signify the end of the timing 
period. The trigger-voltage pulse should be at least -1 voit in 
amplitude to assure positive switching. 


Low-Input-Bias Current Comparator 


The circuit shown in Fig. 12 employs the super-beta and 
conventional transistors in the CA3095E in a comparator 
circuit that requires an input signal of only 1.5 nanoamperes 
at threshold to produce toggling. The output of the circuit 
can interface directly with COS/MOS logic circuits. Transistor 
pairs Qy — Q3 and Q2 — Q4 are connected in the differential- 
cascode arrangement described above. Transistor Q6 is a 
programmable constant-current source (i.e., capable of being 
keyed, gated, clocked, etc.) for the differential-cascode pair. 
Transistors Q7 and Qg are a differential pair used to provide 
sufficient gain for the control of the external discrete tran- 
sistor Q-PNP. The reference voltage for the comparator is 
applied at terminal 7; voltages in the range from 1.5 to 6.0 
volts are suitable for satisfactory circuit operation. 

Analog Timer for Long Delays 


The very low input-bias-current characteristic of the super- | 


beta transistors in the CA3095E is very desirable in the design 
of an analog timer for long time delays; the circuit shown in 
Fig. 13 is illustrative, and functions in a manner quite similar 
to that of the circuit of Fig. 12. Time delay can be varied in 
accordance with the expression shown in Fig. 13. 


The timing cycle is initiated by momentarily closing the 
push-button switch to discharge timing capacitor C. At this 
instant, transistors Q, and Q3 are non-conductive and Q» and 
Q4 are conductive; this arrangement prevents conduction in 
transistors Qg and Q-PNP. Consequently, the output is 
essentially zero volts. Timing capacitor C is charged ex- 
ponentially through resistor R until the voltage across the 
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capacitor is sufficiently large to toggle transistor Q; and Q3 
into conduction (and Q» and Q4 into non-conduction). Tran- 
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Fig. 12 — Low-input-bias-current comparator circuit. 


50M 


VOLTAGE 
LIMITING 


NETWORK * 


MOMENTARY 
PUSH- BUTTON 
SWITCH 


such as tape heads and magnetic phonograph cartridges. The 
circuits described below illustrate the simplicity with which 
super-beta transistor circuits using the CA3095E can be 
equalized to meet the requirements for NAB playback and 
RIAA phonograph-record reproduction. 

Unity-Gain Preamplifier. The circuit in Fig. 14 illustrates a 
unity-gain preamplifier using the transistors in the CA3095E to 
drive a CA741 op-amp. This circuit boosts the input im- 
pedance, Zjq, of the op-amp to the order of 20 megohms, 
typical. Transistors Q} - Q3 and Q>5 - Qg operate as a 
differential-cascode amplifier with transistor Qg as_ their 
constant-current source. Transistors Q, and Q7 are diode- 
connected to establish dc levels which are appropriate for 
direct connection to the CA741 input terminals. No additional 
external compensation is required with this circuit because 
the unity voltage gain provided by the preamplifier precedes 
the internally compensated CA741 op-amp. The resultant 
offset voltage of the combination circuit is the algebraic sum 
of the offsets due to Q}, Q7 vs Qo, Qe, and the offset due to 
the CA741. The resultant offset can be nulled at the normal 
nulling terminals on the CA741. This circuit is ideal for 
amplification of signals emanating from sources with very 
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Fig. 13 — Analog timer for tong delays. 


sistors Q7 and Qg are also switched so as to drive Q-PNP into 
conduction and produce a “high” output signal (approximately 
9.7 volts). With the values shown, the time delay can be varied 
over the range from about 90 to 725 seconds, depending on 
the setting of the 100-kilohm potentiometer. The leakage- 
current loading on timing capacitor C due to transistor Qy is 
quite small, and is only of second-order importance in de- 
termining timing accuracy. 


Super-Beta Transistors in Preamplifier Applications 


The wide operating-current range and circuit-connection 
flexibility available in the super-beta transistors contained in 
the CA3095E offer numerous advantages for applications in 
preamplifiers. For example, these transistors can be simply 
connected as a preamplifier for many of the common, 
economy-type op-amps (e.g., CA741, CA748)3 The combi- 
nation of the CA3095E and one of these op-amps provides an 
op-amp with the superior input characteristics offered by some 
of the high-priced op-amps that use super-beta transistors in 
their input stages. The CA3095E in conjunction with “‘com- 
modity-class” op-amps can provide an over-all circuit ex- 
hibiting orders-of-magnitude improvement over the op-amp 
itself in terms of input impedance, noise, and the effects of 
error currents. Several circuit combinations of this type are 
described below. 

Mention has already been made of the low-noise per- 
formance which can be achieved with the super-beta tran- 
sistors in the CA3095E. This attribute is a requisite for pre- 
amplifiers operating with low-level signal outputs from sources 


High-Gain Preamplifier The circuit in Fig. 15 shows a high- 
gain preamplifier using the transistors in the CA309SE to 
drive a CA748 op-amp. Transistors Q, - Q3, and Q> - Q4 oper- 
ate asa differential-cascode amplifier with transistor Qg as their 
constant-current source. Transistor Q7 is diode-connected to 


drop the dc common-mode voltage at the input of the CA741 
to within its linear operating range. 


This circuit boosts the input impedance, Zjq, of the op-amp 
to the order of 20 megohms, typical. It also can capitalize on 
the low-noise operational capability of the CA3095E, and 
reduces the noise (and offset-voltage) contributions of the 
CA748 by an increment equal to the gain of the preamplifier, 
typically about 28 dB with the circuit constants shown. In this 
case, external compensation of the CA748 may be necessary 
when the over-all op-amp is connected with feedback. 

The approximate value of the compensation capacitor re- 
quired can be computed by use of the following relationship: 


. 30 X the voltage gain of the preamp 
C, (in pF) = : : 
closed-loop voltage gain of the composite op-amp 

The circuits in Fig. 16 illustrate applications utilizing the 
superior input characteristics of super-beta op-amps. A circuit 
such as the one shown in Fig. 16(a) is useful in applications 
where input impedances ° in the order of 150 megohms are re- 
quired at frequencies up to 5 kHz. Since input bias currents 
are required to flow through 10-megohm resistors in this 
circuit, it is mandatory that the input stage exhibit both low 
bias current and very low input offset current. (The capacitive 
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Fig.14 — Op-amp with unity gain preamplifier. 
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Fig. 15 — Op-amp with high-gain preamplifier. 

reactance of the coupling capacitor C must be much lower than 
5 megohms to achieve the high-input-impedance characteristic 
described above.) The low-drift, long-time-constant integrator 
circuit shown in Fig. 16(b) is another excellent application for 
the CA3095E super-beta transistor array. Because exceedingly 
low input bias currents permit the use of a high-value inte- 
grating resistor, R, without introducing substantial error, long- 
time-constant integration can be accomplished. The low input- 
offset-voltage drift characteristic of the super-beta transistors 
also contributes to low-error performance. Further reductions 
in error effects, particularly with temperature variation, can be 
achieved by using a temperature compensated bias-current 
source (e.g., Rj—R3, Dy). In the circuit of Fig.15, such an 
arrangement could be implemented by using Q¢ in a diode 
connected fashion to serve as Dj. With such an arrangement, 
temperature-compensated bias current is applied to the in- 
verting input terminal. 


High-Input-impedance DC-Voltmeter Circuit 


The combination of a preamplifier circuit using the 
CA3095E in conjunction with a CA748 op-amp as described 
above is adaptable to dc-voltmeter circuits requiring high input 
impedance, as illustrated by the circuit of Fig. 17. An ap- 
propriate resistor-divider network is provided to develop a dc 
input signal at terminal 9 of the CA3095E with transistors 
Q) - Q3 and Q> - Q4 connected in the differential-cascode 
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Fig. 16 — Typical super-beta op-amp applications: 


(a) piezoelectric transducer amplifier 
(0) low-drift, long-time-constant integrator. 


O vte3V 


NOTE: TOTAL SUPPLY 
(3) CURRENT ™ 300 mA 


QI -Q8 ARE CONTAINED IN CA309S5E 
* SEE FIG.2 


92CcS-22501 


Fig. 17 — Typical high-input-impedance dc-voltmeter circuit. 


arrangement. Biasing and dc feedback are applied at terminal 7 
of the CA3095E through a 10-megohm resistor. The CA748 
op-amp drives a 200-microampere meter calibrated in terms of 
the voltages to be measured. A full-scale reading occurs when 
the voltage applied to pin 9 is 500 millivolts dc. The entire cir- 
cuit is nulled with the 500-kilohm zero-adjustment potentio- 
meter. The total power-supply requirement is only 6 volts with 
a supply current of only 300 microamperes; this requirement 
can be met with batteries. The input impedance of this simple 
circuit is approximately 40 megohms on all scales. 


Preamplifier for Tape-Head Signals 


The exceptional low-noise characteristics of the CA3095E 
make it suitable for preamplifier service in professional-grade 
tape-playback systems. A typical circuit with equalization for 
NAB standards (7.5 in/s) is shown in Fig. 18. Transistors Q) 
and Q3 are cascode-connected as the input stage, and transistor 
Q6 is connected as a common-emitter post-amplifier. Tran- 
sistors Qy and Qy are non-conductive because the emitter- 
base junction in Q> and the base-collector junction in Q4 are 
shunted by external wiring. Equalization for the NAB tape- 
playback, frequency-response characteristics is provided by the 
R}, Cy, C2 network connected in the ac feedback path; DC 
feedback stabilization is provided by the path through resistor 
R2. The amplifier has an over-all gain of about 37 db at 1 kHz, 
and can deliver output voltages in the order of 25 volts, peak- 
to-peak. The circuit configuration of Fig.18 is preferred to the 
differential-amplifier configuration because it limits the input- 
noise contribution to that of a single transistor (e.g., Q)). 


Preamplifier for Signals from Magnetic-Phonograph Cartridges 


The exceptional low-noise characteristics of the CA3095E 
are also of great use in preamplifier service in equipment used 
to reproduce signals from magnetic phonograph cartridges. ‘A 
typical circuit for this application with equalization for RIAA 
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Fig. 18 — Tape play-back preamplifier equalized for 
NAB standards (7.5 in/s). 


playback standards is shown in Fig. 19. Transistors Q) and Q3 
are cascode-connected as the input stage, and transistor Q¢ is 
connected as a common-emitter post-amplifier. Transistor Q> 
and Q4 are non-conductive because the emitter-base junction 
in Q> and the base-collector junction in Q4 are shunted by 
external wiring. Equalization for the RIAA phonograph- 
frequency-response characteristics is provided by the Ry, Cy 
network connected in the ac feedback path. DC feedback 
stabilization is provided by the path through resistor Ry. The 
amplifier has an over-all gain of about 40 dB at | Hz, and can 
deliver output voltages in the order of 25 volts, peak-to-peak. 
The dynamic range of these circuits is typically about 95 dB 
with the gains indicated. 
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Fig. 19 — Preamplifier equalized for RIAA standards applicable 
to magnetic phonograph catridges. 
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Application of the CA3126Q Chroma-Processing IC Using 
Sample-and-Hold Circuit Techniques 


This Note* describes the. CA3126Q monolithic integrated 
circuit intended for use in processing the chrominance signal 
in a color television receiver. In performing the functions of 
color subcarrier regeneration and chroma control, emphasis 
has been placed on utilizing all the information available in the 
signal so as to approach ultimate system performance capa- 
bility, while at the same time substantially reducing the 
number of external components and adjustments. 

As contrasted with prior state-of-the-art IC designs, sample- 
and-hold techniques are used in the phase detectors for the 
AFPC and the ACC-killer loops of the CA3126Q. The improved 
signal-to-de unbalance attained thereby makes it possible to 
eliminate the adjustments conventionally used in those circuits. 
The only set-up adjustment is a trimmer capacitor to tune the 
crystal filter. 
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Fig. 1— Components external to the CA3126Q. 


Two controls serve to adjust the chroma level: One control 
is automatic and functions as a supplementary ACC loop to 
prevent oversaturation under condition of improper trans- 
mitted burst-to-chrominance ratio, and under noisy-signal 
conditions. The second chroma level control is for manual 
adjustment of the saturation by the viewer. This control has a 
linear characteristic over the range of the chroma gain control. 

The CA3126Q integrated circuit which performs these 
functions is housed in a 16-terminal package. The external 
components, shown in Fig. |, are relatively few and consist of 
integration capacitors for the servo loops and the filter 
network in the VCO. Table | summarizes the performance of 
the circuit. 


Table | — Performance Data Typical Vatues 


Nom. Supply Supply Var. Temp. Var. 
Function Veco =11.2V Veg t2v  AT=s0°C 
Oscillator Characteristic 
C. W. Carrier Amp!. 1 Vop +5% + 10% 
Frequency Nom. Sub +70 Hz —70 Hz 
Carrier 

AFPC Characteristic 
DC Loop Gain 40 Hz/deg. 
Pull-in Range +500 Hz 
Phase Error ¥ 20° -2° 
Noise Bandwidth fun 100 Hz 
ACC and Killer Characteristic 
100% Input Level (Red Field) 0.25 Vop 
Nominal Output with 

Overload Detector 0.5 Von 42.5% —5% 
Nominal Output without 

Overload Detector 2.7V p + 10% —5% 
ACC~—3 dB Point 20% IN 
Killer Threshold 5% Ein 
Diff. Phase Error Over 

Entire ACC Range 4° 


Manual Control} Characteristic 


Chroma Output Linearly 
Proportional to 
Control Bias 

Diff. Phase Shift with 
Bias Var. 2 

#| This Note, revised by Wayne Austin (RCA Solid State 
'Division) was originally prepared by L. A. Harwood (Con- 
sumer Electronics Division) for publication in the IEEE 
TRANSACTIONS ON BROADCAST AND TV RECEIVERS, 
May 1973, Vol. BTR-19, No. 2. 
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MAJOR FUNCTIONS 

The signal flow and organization of the CA3126Q are 
shown in block form in Fig. 2. The composite chroma signal is 
applied to the first chroma amplifier. The output from this 
stage proceeds along three paths. The first path leads to the 
doubly-balanced wide-band AFPC detector. Here the burst 
signal is compared with the reference carrier to produce the 
required error signal for synchronization. Two sample-and-hold 
circuits serve to achieve high detection efficiency and bias 
stability. One sample-and-hold circuit samples the detected 
signal during the horizontal keying interval and stores the peak 
error signal in a filter capacitor. A second similar circuit pro- 
vides an accurate reference potential as described later. The 
bias stability of this system is sufficient to eliminate the need 
for the adjustments required in conventional circuit design. 

The detected and filtered burst signal controls the fre- 
quency and phase of a voltage-controlled oscillator (VCO) 
by operating on an electronic phase-shifter. The VCO consists 
of an amplifier-limiter followed by the electronic phase-shifter. 
A crystal filter located between the output of the phase- 
shifter and the input of the amplifier-limiter closes the loop 
of the VCO. The filtered oscillator signal is amplified to pro- 
duce the required reference carriers for the AFPC and ACC 
synchronous detectors. The required quadrature relation- 
ship is obtained by + 7/4 and -7/4 radian integrated phase-shift 
networks. 
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correspondence between the control bias and the chroma 
output signal. The chroma maximum level corresponds to the 
maximum bias potential without a dead spot at the extreme 
of the control range. A threshold type overload detector 
monitors the output signal and maintains the output from the 
second chroma amplifier below an arbitrarily set level. This 
prevents the overload of the picture tube usually experienced 
on noisy or excessively large chroma signals. The required 
keying signals for the various functions are generated by two 
cascaded keyer stages where either polarity pulses are generated. 


REGENERATION OF THE SUBCARRIER 

The regeneration of the subcarrier is performed in the cir- 
cuit shown in Fig. 3. This section consists of a synchronous 
phase detector, the sample-and-hold circuits, and a voltage- 
controlled oscillator. Several keying circuits serve to maintain 
the operation in proper time sequence. 


The Phase Detector 

The phase detector is formed by transistors Q5;, Q5> and 
Qs to Qj. The composite chroma signal amplified by the 
first chroma amplifier is applied to transistors Q7 and Qg and 
the reference carrier is applied to transistors Qg and Qs5 4. The 
product of the two signals is developed across the load 
resistor Rj 3. Transistors Qs and Qg, triggered by a horizontal 
rate keyer circuit, operate on the phase detector so as to allow 
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Fig. 2— Signal flow and organization of the CA3126Q, 


The ACC-killer detector is similar in structure to led AFPC 
detector, and is also driven from the first chroma amplifier 
stage. It detects synchronously the in-phase component of 
the burst signal and produces a pulse signal proportional in 
amplitude to the level of the burst signal. The resulting con- 
trol signal passes through a sampling circuit, as described 
above, and is applied to the killer and ACC amplifiers. The 
action of both amplifiers is delayed so that the unkill action 
takes place prior to ACC and the latter is fully activated upon 
reaching the predetermined burst level. The ACC amplifier 
controls the gain of the first chroma amplifier so as to main- 
tain the burst signal constant while the killer amplifier enables 
the output stage in the presence of the burst signal. 

The signal level to the second chroma amplifier is reduced 
to one fourth of the available signal level to allow for the ex- 
tremes of the chroma signal excursions. A horizontal rate 
keyer operating on this stage removes the burst signal so that 
the output stage is activated only during the horizontal 
scanning interval. A saturation control, available for front 
panel control, allows a continuous gain adjustment of this 
amplifier. A desirable feature of this control is the linear 


detection of the burst signal only. The current compensation 
of transistors Q7 and Qg by the gating transistors Qs and Q¢ 
and the absence of filtering at the output of the detector 
results in transient-free switching of the phase detector. In the 
absence of chrominance, the potential across the load resistor 
Rj, 3 remains constant regardless of the keying. In the presence 
of the chrominance signal, the phase detector produces two 
time-spaced outputs: one during the ‘horizontal scanning 
interval corresponding to the quiescent potential, the second 
during the horizontal keying interval representing the detected 
burst. Thus, the detected burst can be measured relative to the 
quiescént potential rather than to an arbitrary reference. This 
results in excellent stability for temperature and supply 
variations. 


Sample-and-Hold Circuits 

As previously stated, the sample-and-hold circuits shown in 
Fig. 3 allow efficient utilization of the detected error signal 
and provide a reliable reference potential. During the sampling 
interval, the detected pulse signal available at the detector load 
resistor Rj 3 is translated to the AFPC filter capacitor of ter- 
minal 2 via transistors Q53 and Q54. Qs53 serves to isolate the 
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Fig. 3— Subcarrier regeneration circuit. 
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Fig. 4— The first chroma amplifier and the ACC servo loop. 


detector from the switching pulses generated in the sampling 
circuits. The sample-and-hold action is accomplished by con- 
trolling the conduction current in transistor Q5q thus alter- 
nating the charge path during those intervals. During the 
sampling interval, transistor Qs5q conducts and its emitter 
exhibits a relatively low impedance in comparison with the 
value of the integrated charging resistor Rog. The detected or 


sampled signal is stored in the AFPC filter capacitor which, 
with Rog, determines the time constant during this time 
interval. During the hold period, transistor Qsq is off and the 
filter time constant is several orders of magnitude larger than 
previously. The discharge of the filter capacitor is reduced 
to very small base bias currents only and little of the stored 
information is lost. 
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The “on” and “off” condition of the transistor Qs5q is 
determined by the state of the transistor-pair Qy 1, and Q)>. 
During the “on” (sampling) interval, a signal from the hori- 
zontal rate keyer disables transistor Q; 1 and the collector cur- 
rent of the transistor Q,> maintains the transistor Qs, in the 


on” condition. During the “off” (hold) period, transistors 
Q;} and Q) change their states and the transistor Q5q is “off”. 


The bias sample-and-hold circuit, similar in structure to the 
above-described circuit, consists of the sampling switch Q59 
and the transistor-pair Q;}7 and Qjg. This circuit, also acti- 
vated by a signal from a horizontal rate keyer, samples the 
quiescent potential of the phase detector. The two signals, 
the error and the bias, processed by the sampling circuits, are 
stored in filter capacitors, and are applied to opposite terminals 
of a differential phase control. The phase control circuit syn- 
chronizes the reference carrier produced by the VCO. 

Depending on the free-running frequency of the VCO, the 
detected signal is in the form of positive or negative going 
pulse trains which are then stored in a filter capacitor. The 
sampling switch has equal drive capabilities for both polari- 
ties of the signal; a requirement of particular importance in the 
presence of noise signals. Non-linear operation of the detector 
and sampling circuit would produce a rectified dc component 
causing an erroneous detuning of the VCO. 


The VCO Loop 

The amplification and amplitude limiting of the oscillator 
signal takes place in the amplifier-limiter formed by the tran- 
sistor-pair Qgg and Qoo. The output from Qyq is fed to the dc 
controlled phase-shifter and returns to the amplifier through a 
crystal filter. The amplifier operates in a non-inverting mode, 
hence, the total phase shift through the phase-shifter plus cry- 
stal filter must bea multiple of 2 7 radians. The crystal filter 
is tuned to the subcarrier frequency and the filter band-width 
is determined by a resistor in series with the crystal. The DC 
controlled phase-shifter has a phase range of approximately 
+ ri radians, and a phase change activated by a control signal 
results in a corresponding oscillator frequency change. 

In the phase-shifter, the oscillator signal available at the col- 
lector of Qo is applied to the base of Qy 4 from which it pro- 
ceeds along two paths. An integrated capacitor C> couples 
this signal from the emitter of Q;q4 to the collector load of 
Q15 and, at this point, the signal is phase-shifted by approxi- 
mately 7/4 radians. In the second path, the signal arriving at 
the collector of Q)5 passes through a current splitter formed 
by the transistor-pair Q5¢, Q1 5. This signal is reduced to a level 
determined by the control voltage at the bases of transistors 
Qso and Qy5. At one extreme, transistor Q)5 is OFF and the 
signal at the collector of Qj5 arrives through the capacitor C9 
only. Conversely, with transistor Q,5 ON, and Qs¢ OFF, the 
signal arriving through the transistor Qy5 is phase-oriented so 
that the resultant signal has a phase of +3/4 m radians. The 
phase-control is linear throughout most of the control range. 

A buffer amplifier is used to supply the CW carrier re- 
quired for the demodulators, and the carrier is available at 
terminal 8. Internally, the buffer amplifier supplies the two 
synchronous detectors. Two R-C phase-shifters fed from the 


buffer amplifier provide the required phase orientation. A low- 
pass Rj4-C3 filter shifts the carrier to the AFPC detector by 


—n/4 while a high-pass filter provides a +1/4 oriented carrier 
for the ACC-killer detector. 


AMPLITUDE CONTROL OF THE CHROMINANCE SIGNAL 

Two cascaded amplifier stages serve to process the chroma 
signal and several signals are developed to control the gain of 
each stage. 


First Chroma Amplifier and ACC Servo Loop 

The first chroma amplifier, shown in Fig. 4, is controlled by 
the burst responsive ACC-killer detector only. The amplifier 
formed by the transistor-pair Q;, Q> is driven single-ended by 
the applied composite chroma signal. The amplified output 
from this stage drives differentially the synchronous ACC- 
killer detector. The gain of the first amplifier is a function of 
the dc emitter current supplied by the constant current source 
Q3. This current source is biased to provide a nominal current 
and, hence, a nominal gain in the first amplifier stage. The bias 
of the current source is reduced in response to a detected burst 
signal and the gain of the first stage diminishes correspondingly. 
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The ACC-killer detector is similar in structure to the 
AFPC detector. However, the CW carrier applied to the de- 
tector is in phase with the burst signal. The detected burst 
signal is processed by a sampling circuit in the same manner as 
previously described in connection with the AFPC circuit. The 
signal sampling consists of the transistor follower Q73 and the 
keyed transistor-pair Q4,Q41. Resistor Rg3 serves to produce 
an intentional dc offset across the inputs of the differential 
pair Q43, Q76. The detected ACC signal is unipolar with 
respect to the reference potential; thus, the dc offset extends 
the linear operating range of the amplifier Q43, Q76. The bias 
sampling circuit consisting of transistors Q79, Q44, Q45 applies 
the quiescent bias to the base of transistor Q7¢. In the absence 
of a burst signal, the dc offset maintains transistor Q43 in the 
OFF condition and the following p-n-p transistor, Q49, is also 
disabled. Thus, the ACC amplifier Qog is non-conducting and 
the current source Q3 provides the maximum current to the 
input stage. 

- The OFF state of transistor Qy9 renders the killer amplifier 
(transistor Q>7) inoperative, a condition required to disable 
the second chroma stage. 

Upon amplification of the burst signal in the first chroma 
amplifier, the detected burst signal increases proportionately 
to the amplitude of the input signal and combines differen- 
tially with the previously described bias signal in the collector 
load of transistor Q43. Prior to it, the detected and bias signals 
are smoothed by the ACC filter capacitors. The linear operation 
of the chroma amplifier, the detector, and the amplifier which 
follows the sampling circuits is maintained to a signal level 
sufficient to enable the transistor Qjg. This potential, 
approximately 0.7 V, establishes the delay of the ACC charac- 


teristic as shown in Fig. 5. The chroma (burst) signal at the 
output of the first stage remains essentially constant with 
further increase of the input signal. The increasing dc poten- 
tial at the collector of Qyg also activates the killer-amplifier 
Q>7. In order to maintain a predictable killer threshold, this 
action is referenced to the delay point of the ACC. As 
previously stated, the ACC begins to function at a signal level 
at which the dc potential across resistor R47 reaches 0.7 V. 
The killer threshold is lower than that of the ACC action and 
is determined by the voltage drop across resistors Rgg and Rq7. 
Thus, the two threshold signals are predictably established by 
the ratio Rg7/(Rq7 + Rag). 
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Fig. 5— Normalized ACC characteristic. 


The Second Chroma Amplifier 

The operation of the second chroma amplifier is controlled 
simultaneously by several signals. As described previously, 
they are: a customer-operated chroma gain (saturation) control, 
the killer detector signal, the overload detector, and the keyer. 

The amplifier circuit shown in Fig. 6 is formed by the 
transistor-pair Qg5, Qy4 and is driven differentially by the 
first chroma amplifier. The signal level to this stage is reduced 
by means of a resistive voltage divider. The amplifier Q¢5,Q94 
is interrupted during the horizontal keying interval by the 
transistor-pair Q6¢, Q23 to remove the burst information from 
the composite signal. The gating transistors Q¢¢ and Qo3 are 
connected so that their emitters and collectors are in parallel 
with the respective emitters and collectors of transistors Q¢5 
and Q>q. The resulting collector current compensation main- 
tains the quiescent output potential regardless of the keying 
operation. 


The gain of the second chroma amplifier is adjusted by 
varying the current in the transistor Qj5. A resistive divider 
R41,R42 fed from a follower stage Q¢7 provides the bias 
potential to the base of the transistor Qz5 and the voltage drop 
across resistor R4g determines the current flowing from the 
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Fig. 6— Chroma output stage. 


collector of Qyg5 to the emitters of Qg5 and Qy4. The diode 
D3 compensates the base to emitter potential of the transistor 
Q95. 

Since the bias resistors Rag, Ra;, and Rq7, and also the 
amplifier load resistor R43, are located on the same IC chip, 
the resistance ratio of these components is accurately con- 
trolled. Thus, the gain of the second chroma amplifier 
determined by these components is very predictable, and is a 
function of the bias potential applied to the base of transistor 
Q67 only. 


The interfacing of IC’s with external control circuits usually 
presents problems due to the large tolerances associated with 
both components, The circuit used here overcomes these 
difficulties. The transistor follower Q¢67 exhibits negligible 
loading on the bias set by the manual chroma control. Thus, 
the gain of the second chroma amplifier is uniquely deter- 
mined by the rotation of the gain control potentiometer and is 
relatively independent of its resistance value. 

The killer operation is also performed on the second chroma 
amplifier. The amplified output from the ACC-killer detector 
is applied to the killer switch QoQ. In the presence of a burst 
signal, transistor Qo is off and the chroma amplifier remains 
undisturbed. In the absence of a burst signal, the collector cur- 
rent in QoQ reduces the potential on the base of the transistor 
Q67 so as to cut off the second chroma amplifier. 


The Overload Detector 


The ACC and the manually operated saturation control 
provide the essential means to maintain the proper chromi- 
nance level to the picture tube. Under certain conditions, 
however, the presence of the ACC is detrimental. As pre- 
viously stated, the ACC servo loop maintains a constant out- 
put level of the burst signal regardless of the chroma informa- 
tion. Transmitter variations in burst-to-chroma ratios are im- 
properly corrected by the ACC action and, on signals with low 
burst-to-chroma ratios, the excessively amplified chroma can 
exceed the dynamic range of the picture tube. 


Similar overload problems are experienced when receiving 
weak signals. The Synchronous ACC detector produces a con- 
trol signal proportional to the average value of the burst inter- 
val signal, and noise does not contribute to the output. Al- 


though this type of noise-immune detection is necessary for 
reliable operation of the killer circuits, it is less desirable for 
the ACC action because the noise-peaks plus signal tend to pro- 


duce undesirable over-saturation effects. 
The overload detector operating on the second chroma 


stage eliminates both these overload problems. The chroma 
signal from the output terminal of the second chroma ampli- 
fier is coupled, by means of the coupling capacitor Cr to over- 
load detector Qo. Transistor Q>72 is biased by means of an 
internal bias supply to 0.5 V, and remains off until its base 
potential is raised to approximately 0.7 V. Thus, detection 
takes place whenever the chroma signal plus dc bias is equal to 
or exceeds 0.7 V. The detected and filtered signal lowers the 
bias potential on the base of transistor Qg7 and reduces the 
gain of the output stage. 


KEYING CIRCUITS 

Details of the keying circuit and of the internal bias cir- 
cuits are shown in the complete diagram of the CA3126Q in 
Fig. 7. A positive horizontal rate keying pulse applied to 
terminal 9 activates the keying circuit. This circuit maintains 
the AFPC and ACC detectors, with the corresponding sample- 
and-hold circuit, in the ON position during the keying interval, 
and disables the chroma output stage at the same time. 


CONCLUSION 

The new chroma processing circuit improves the per- 
formance of a color television receiver. The use of syn- 
chronous detection and sampling results in excellent signal 
stability and fewer external components and adjustments. An 
overload detector prevents over-saturation of the picture 
tube, and the improved manual control simplifies the adjust- 
ment of the chroma level. 
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i Ss ED 


ICAN-6257 


Application of the CA3089E FM-IF Subsystem 


by L. S. Baar 


The RCA-CA3089E, shown in Fig. 1, is an FM-IF 
subsystem intended for use in FM receiver applications. In 
addition to the amplifier-limiter and quadrature detector 
sections, the CA3089E provides such auxiliary functions as 
mute, AFC output, tuning-meter output, and delayed 


rf-AGC.! This Note briefly describes each circuit section 
and discusses practical aspects of designing with this device. 
Circuit Description 

The three-stage direct-coupled amplifier-limiter uses a 
cascode input stage to reduce input noise and provide better 
stability. The peak-to-peak swing of approximately 300 
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approximately 8 volts over a temperature range of —40°C to 
+100°C while maintaining the performance of the device 
virtually unchanged. The typical curves in Figs. 3 through 7 
illustrate these characteristics. A reference voltage brought 
out to pin 10 may be used in conjunction with the AFC, if 
desired. 


Stability Considerations 

Because the CA3089E is a very high gain device, the 
external circuit must be laid out carefully to eliminate or 
reduce any feedback path.2 Fig. 8 shows a 10.7-MHz 
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Fig. 1— Schematic diagram of the CA3089E. 


millivolts is developed across the 390-ohm resistor, R31, at 
pin 8. The operating-point stability is provided by dc 
feedback to the input stage. The input voltage for an output 
3 dB below limiting is typically 12 microvolts rms. 


The detector is a doubly balanced circuit driven 
symmetrically by the output of the if amplifier. The voltage 
at pin 8 is coupled through a reactance to the tuned circuit at 
pin 9. The detector output is taken from both sides and 
combined differentially to produce an audio output and 
automatic-frequency-control voltage. The audio output may 
be attenuated by a current driving pin 5. The current is 


normally provided by the mute drive, which reduces the level 
by more than 50 dB. Fig. 2 shows the detector and 
audio-AFC translator circuits redrawn to illustrate the 
balanced circuitry. The audio output is developed across a 
§,000-ohm resistor, R49, Fig. 1. The AFC output can be used 
either as a current or voltage source. 


The meter output and rf-AGC circuits are driven by three 
level detectors which detect the output levels of each of the 
if amplifier stages. The tuning-meter circuit sums these levels 
and provides a voltage which is a function of the input signal. 
The rf-AGC circuit is driven by the level detector connected 
to the output of the first amplifier stage, which provides the 
delay. The mute logic output is developed from the output 
of the third limiter. With a large signal, the if envelope is 
detected, and drives the mute logic voltage low. As the 
signal-to-noise ratio deteriorates, “holes” are created in the 
envelope; these “holes” are detected, and provide the voltage 
to drive pin 5. 

The bias supply maintains the device current drain 
virtually constant from a supply voltage of 16 volts to 
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printed-circuit-board layout of the circuit in Fig. 9(a). The 
ground-plane layout was devised to prevent large rf currents 
at the output terminals from returning to the input grounds. 
Bypass-capacitor grounds also were selected to achieve the 
same purpose. It is recommended that bypass capacitors be 
placed on terminals of the auxiliary functions since most of 
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Fig. 2— Detector, audio, and AFC circuits. 


them are connected to rectifier circuits which are not 
completely filtered within the device. Capacitors of the disc 
ceramic type with a 0.01- to 0.02-microfarad value are 
usually good bypass capacitors at 10.7 MHz. Larger values 
may exhibit a self-resonance below 10.7 MHz, and actually 
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Fig. 3— Supply current, recovered audio, and input limiting as a 
function of supply voltage. 
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Fig. 4— Reference voltage, rf-AGC, and meter output as a function of 
supply voltage. 
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Fig. 5— Input limiting and recovered audio as a function of 
temperature. 
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Fig. 6— Reference voltage, rf-AGC, and meter output as a function of 
temperature. 


linearity improves as the bandwidth increases; however, 
recovered audio decreases. A satisfactory compromise for 
most FM-receiver applications is reflected in the circuit of 
Fig. 9(a). This circuit typically provides 400 millivolts rms of 
recovered audio with less than 0.5-percent distortion. 
Because a double-tuned circuit has better phase linearity over 
a wider bandwidth, distortion figures of less than 0.1-percent 
are attainable with the network used in the circuit of Fig. 
Ob). Proper alignment and coupling adjustment of the 
double-tuned circuit are most easily accomplished while 
viewing the resulting S curve. Initial adjustment of the 
SFC VOLTAGES PINTIID ACROSES primary tuning slug to the proper crossover is made with the 

5000 Opa secondary slug removed. The secondary tuning slug is then 
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Fig. 7— Supply current and AFC voltage as a function of temperature. 
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exhibit inductive reactance at their terminals. The nominal 
input impedance of the CA3089E is approximately 9,000 
ohms, and it is not recommended that an impedance match 
be attempted. Most commercial receivers use ceramic-filter 
frequency-selective elements that normally have source 
impedances of 500 ohms or less. When these filters are 
properly terminated with loading resistors, the typical source 
impedance is further decreased to 250 ohms or less. Higher 
levels of source impedance are possible with very careful 
circuit layout; however, the maintenance of stability could 
be difficult. 
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The CA3089E has a frequency response that is typically 
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flat to 20 MHz; consequently, the device can provide useful =. 
gain well above that frequency. If the device is used at lower hinge wtf ost cr pas i 
frequencies, the larger-value bypass capacitors required may Qp(UNLOADED) #75 (G.I. AUTOMATIC MFG. DIV. EX22741 OR EQUIVALENT) 
not be adequate to bypass the higher frequencies. Double 


bypassing with lower-value capacitors can overcome such a 
problem. Another means of alleviating the problem is to 
externally reduce the frequency response by using a small 
capacitance across the output load of the device. 
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b) Component side — top view. 


(b) 
Fig. 8.-. CA3089E and outboard components mounted ona 


printed circuit board. Fig. 9— (a] Test circuit for the CA3089E using a single-tuned detector 
‘coil, {b) test circuit for the CA3089E using a double-tuned 
aed detector coil. 
Quadrature-Detector Circuits 


The quadrature-detector tuned circuit is connected 
between pins 9 and 10. The signal voltage at pin 8 is 
normally coupled to pin 9 through a choke. The circuit 


adjusted until a slight “ripple” is observed moving along the 
S curve. If the ripple is excessive (enough to distort the S 


values for the detector network are determined by several 
factors, the primary one being distortion at a particular level 
of recovered audio. Distortion is determined by the phase 
linearity of the quadrature network and is not influenced by 
the device unless excessive, recovered audio overdrives the 
audio circuit. With a single tuned network, the phase 


curve) the coupling is too tight. If no ripple is observed, the 
coupling is too loose. As the ripple moves through the 
crossover point, it will be observed that the S curve becomes 
more linear near the center frequency. Slight readjustment of 
both slugs may be necessary for final alignment. The best 
performance can then be achieved by slight adjustment while 
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measuring distortion. The coupling may be varied by either 
moving the coils or by changing the value of the secondary 
load resistor. 


Various circuit values can be used to obtain the same 
recovered audio, but the basic conditions of circuit 
bandwidth and phase linearity must be maintained. The 
detector circuit also sets up conditions which are required for 
proper operation of the mute circuit. The rf voltage on pin 9 
must be held at approximately 175 millivolts rms, +25 
millivolts. The reason for this requirement is discussed 
subsequently in connection with the mute logic circuit. The 
approximate voltage at pin 9 is determined from the 
equivalent circuit shown in Fig. 10. 


The peak-to-peak voltage on pin 9 is: 
| Vo | | Vg |—RL 
whch 


where RI is the total parallel resistance and V8 is 
approximately 300 millivolts, peak-to-peak. 


The Q of the tuned circuit between pins 9 and 10 may be 
affected by the effective Q of the choke between pins 8 and 
9 and the series resistor R31 in the CA3089E. All of the 
above factors should be considered in selecting circuit values. 
Table I lists some typical combinations of component values 
under various conditions. 


A choke is normally selected to equalize delays in the 
signal path and in the limiter—quadrature path. It also 
reduces the if harmonic content across the quadrature 
circuit. In some cases, such as in narrow-band applications, it 
may become necessary to use a capacitor as the coupling 
component where large values of inductance with high Q’s 
are difficult to obtain. If a capacitor is used, the phase of the 
recovered audio and AFC voltage will be reversed, some 
asymmetry of the S curve may result, and the distortion may 
be adversely affected to a small degree. 


As indicated above, the inductance between pins 8 and 9 
tends to equalize delays in the detector signal paths. The 
matching of elements of the IC in the balanced detector 
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Fig. 10— Equivalent circuit used to determine approximate voltage on 


pin 9 of the CA3089E in Fig. 9. 


circuit results in an AFC output with a very small offset 
when referred to the voltage at pin 10. For most 
applications, the inherent offset variation is well within 
tolerances, and does not affect circuit performance. In some 
narrow-band applications, however, the offset becomes more 
critical because of the very narrow bandwidth. In such 
situations, the combination of normal production variations 
of the device and the external circuit components results in 
receiver detuning when the AFC loop is closed. This detuning 
results in an increased distortion of the recovered audio. This 
distortion can be corrected with the addition of a variable 
capacitor from pin 8 to ground to provide phase 
compensation. The capacitor can be adjusted to provide zero 
AFC offset with minimum distortion. Generally, the offset is 
in one direction for a given set of conditions. The addition of 
a fixed capacitor will minimize variations sufficiently to 
satisfy many applications. A value of 5 picofarads is an 
effective value for the circuit of Fig. 9a) with the 
recommended PC-board layout. Conversely, the offset 
created by using a capacitor between pins 8 and 9, as 
mentioned earlier, may be compensated by placing an 
inductance between pins 8 and 10. 


Audio and AFC Circuits 

The audio and AFC circuits are very similar, and both 
develop the same audio signal at their respective output 
terminals. The audio output voltage on pin 6 is developed 
across an internal, nominal, 5,000-ohm resistor (R49) 
connected to the 5.6-volt reference. In addition, the audio 
signal level can be attenuated by providing a direct current 
into pin 5 without any shift in its dc level. The audio output, 
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TABLE | — FIG. 10 COMPONENT VALUES AND CHARACTERISTICS AS A FUNCTION OF FREQUENCY 


Freq. Ly QL Cy R1 
ti) tH) (pF) (ohms) 
10.7M 2.2 75 100 3900 
10.7M 2.2p 120 100 
10.7M 2.2y 120 100 
455k 0.1m 65 1000 68k 


as shown in Fig. 11, is uniform to a frequency of more than 
1 MHz when measured in the circuit shown. 


The AFC output at pin 7 is a current source and, if 
terminated with 5,000 ohms, will provide an audio output 
identical to that at pin 6. The AFC output may be referenced 
to a wide range of voltages, from near ground potential to 
near supply voltage. However, because of the balanced circuit 
configuration, the best AFC sensitivity and offset will occur 
at, or near, the 5.6-volt internal reference. An AFC voltage 
developed across a load tied back to pin 10 is recommended. 
As a consequence of this connection, variations in the AFC 
voltage as a function of operating voltage and temperature 
are minimized because the voltage on pin 7 tends to follow 
changes in the reference voltage. 
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Fig. 11— Audio response at pin 6. 


Mute Circuit 

The signal to the mute logic circuit is taken from the 
emitter follower connected to pin 9. This signal drives a peak 
detector followed by an inverter such that the mute logic 
developed is zero volts with an input signal level sufficient to 
develop a fully limited output signal. As the input signal level 
is reduced below limiting, noise becomes significant, and 
creates “‘holes” in the if envelope. The detected drive voltage 
decreases and causes the mute logic voltage at pin 12 to 
increase. This voltage, in turn, is fed to pin 5 to provide the 
current to attenuate the audio. If the if level at pin 9 is too 
high, the “holes” created by the noise are insufficient to 
drive the mute logic voltage high enough to attenuate the 
audio. If the pin 9 voltage is too low, the mute drive voltage 
never reaches zero, and the external mute-threshold control 
behaves like a volume control. It is for this reason that the 
mute logic circuit requirements influence the selection of 
detector circuit values. 


Another condition affecting proper mute performance is 
excessive gain in the tuner or preceding if stages. High gain 
ahead of the CA3089E under a condition of low 
signal-to-noise ratio results in the noise being clipped by the 
limiting amplifiers. The clipping has the effect of reducing 
the number of “holes” in the if envelope, and limits the mute 
drive voltage at pin 12 to values insufficient to attenuate the 
audio. If high gain is a system requirement, an externally 
derived mute logic voltage is necessary to drive pin 5. 


The external circuit on pin 12 in Fig. 9a) serves to filter 
the output, and provides a variable potential for 
mute-threshold adjustment. The 470-ohm resistor in series 
with pin 12 reduces the effective Q of the filter capacitor and 
prevents the circuit from setting up on noise current 


transients as the mute circuit begins to function. The voltage 
divider, composed of the 500 kilohm potentiometer and 120 
kilohm resistor, controls the threshold point. These values 
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X (pin 8 to pin 9) Deviation Recovered Audio 
(kHz) (mV) 
22H +75 400 
120yH +5 280 
1.3pF +5 290 
1mH +5 400 


are suggested ones, and may be altered to suit the user. Curve 
A in Fig. 12 shows the change in audio output level as a 
function of input signal with the mute-threshold control 
circuit (also shown in Fig. 12) at its maximum-voltage 
setting. Because of the more shallow slope and the larger 
circuit time constant volved, a “soft” mute action results. 
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Fig. 12-—-Mute curves. 


Curves B and C illustrate the change in the curves resulting 
from adjustment of the values of the threshold control 
circuit. These latter circuits provide a faster acting mute. The 
fixed resistor, Rl, in addition to controlling the slope of the 
mute characteristic, limits the voltage appearing at pin 5. The 
use of this resistor is recommended to prevent a latch-up at 
the attenuating circuit, which, if it occurs, maintains the 
circuit in muted condition until the supply voltage is 
removed. 


The curves in Fig. 12 show that the muting action cannot 
be initiated under any condition until some noise is present 
in the output signal. In this respect, the mute performance of 
the CA3089E differs from that of some other systems which 
are activated by signal level. Such systems can be adjusted to 
allow noise-free signals to be processed further. When the 
CA3089E circuit operates under small-signal conditions, 
noise may be audible before muting action occurs. The 
threshold-level adjustment only permits more or less noise to 
appear at the output; a listener can use the control to adjust 
the interstation hiss to the level of his preference. 


Tuning Meter and RF-AGC Circuit 
The tuning-meter circuit sums the output of three peak 
detectors connected to successive stages of the if 


amplifier-limiter. These circuits detect not only the carrier, 
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but also harmonics developed when successive stages go into 

limiting and eventually form a square wave. The result is a 

logarithmic de output as a function of input signal, as shown 

by the curve in Fig. 13. The circuit developing the delayed 
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Fig. 13- Tuner AGC and tuning-meter output as a function of input 
signal voltage. 
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rf-AGC voltage is driven by the level detector connected to 
the first if stage. As a result, no output is detected until the 
input signal is large enough to drive the peak detector; the 
result is a delayed AGC action. The curve of rf-AGC voltage 
as a function of input signal is also shown in Fig. 13. 


IF Amplifier/Detector System and Stereo Decoder 

Fig. 14 shows the circuit diagram of a complete FM-if 
detector system driving a stereo decoder. Using the 
selectivity of two ceramic filters, the CA3089E in 
conjunction with the CA3090AQ stereo decoder provides the 
basic signal processing between the tuner output and the 
audio amplifiers. The gain of the silicon n-p-n 
bipolar-transistor stage is adjusted to make up the losses of 
the two filters. In addition to driving a tuning meter, the 
voltage at pin 13 of the CA3089E may be used to drive a 
“stereo defeat” circuit in the CA3090AQ, thereby holding 
the decoder in a monaural condition to improve the 
signal-to-noise ratio under weak signal conditions. A 
suggested PC-board pattern and parts layout are shown in 
Fig. 15. 


Operation at Frequencies Other Than 10.7 MHz 


Because the CA3089E was designed for use in FM 
broadcast receivers, its circuits are optimized for use at 10.7 
MHz. Nevertheless, the device performs equally well over a 
wide range of frequencies both above and below 10.7 MHz. 
The if amplifier response is essentially flat from dc to more 
than 20 MHz. The operation of the detector circuit. is 
dependent only on the external components. The operation 
of the auxiliary sections—rf-AGC, meter output, and mute 
logic — depend on internal peak detectors, and, as a 
consequence, their performance at lower frequencies is 
limited. The internal capacitors were optimized for 10.7 MHz 
operation, and are too small to operate effectively at lower 
frequencies. The detector efficiencies begin to deteriorate at 
about 2 MHz, and the detectors are essentially unusable at 
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Fig. 14—1!F amplifier/detector system and stereo decoder. 


455 kHz without the use of external circuitry. The rf-AGC 
and mute logic circuits do net develop sufficient dc voltage 


components are necessary. The CA3089E, operating in 
conjunction with an_ inexpensive operational 
transconductance amplifier,4>> provides means of locking the 
tuned circuit to the incoming frequency. Fig. 17 shows the 
block diagram of such a system. The AFC output voltage 
developed across the resistor between pins 7 and 10 is 
amplified by the op-amp and drives a varactor to maintain 


Fig. 15~ Suggested PC-board pattern and parts iayout for the circuit 
of Fig, 14. 


to perform their functions, and the meter output signal loses 
its logarithmic characteristic and exhibits peaks and valleys as 
input signal is increased. Operation of the rf-AGC and mute 
logic circuits may be enhanced by the addition of a dc 
amplifier and inverter to each circuit. A simple example using 
a CA3096E IC transistor array is shown in Fig. 16.3 

The CA3089E may be used effectively in narrow-band 
communication receivers. In double-conversion receivers, 
some of the functions of the CA3089E are negated at a 
455-kHz intermediate frequency. However, if a 10.7-MHz 
intermediate frequency is used, all of the auxiliary features 


= aad 7 a aig 905 e335 
Fig. 16— External mute and rf-AGC drive circuits for the CA3089E 
operating at 455 kHz. External transistors are parts of the 
CA3096E n-p-n/p-n-p transistor array. 


may be used, but another set of problems is encountered. 
The small deviation signals encountered in narrow-band 
systems require the use of high-Q circuits in the quadrature 
detector, as indicated in Table I. However, variations in 
external-component parameters with temperature changes 
may cause the tuned frequency of the detector to drift out 
of the if pass band. Normally temperature-compensated 


the tuned frequency on the incoming-signal frequency. 
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Fig. 17-- Detector frequency-stabilization circuit. 


The CA3089E may also be used as the core of an 
ultra-linear FM generator; Fig. 18 shows the circuit. The 
carrier is generated by the CA3089E with the introduction of 
feedback from the output terminal, pin 8. The carrier is 


modulated by the varactor connected across the tuned circuit 
at the input of the CA3089E. The varactor is driven by the 
output of the differential amplifier, Al, using a CA3028 
IC.6,7 This differential-amplifier stage is driven at one of its 
input terminals by the audio modulating signal. Negative 
feedback of the audio signal is provided by driving the other 
differential-amplifier input from the recovered audio output 
of the CA3089E at pin 6. The detector circuit uses a 
double-tuned transformer to produce audio with very little 
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distortion at pin 6. This teedback technique results in a very 
low distortion modulation. The rf output of the CA3089E at 
pin 8 is essentially a square wave, and is fed to a 
tuned-amplifier stage to buffer the signal and restore the 
sine-wave-shaped rf output signal. 
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Fig. 18— FM generator circuit. 
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A Single IC for the Complete PIX-IF-System in TV Receivers 


The RCA-CA306& linear integrated circuit is a PIX-TF-sub- 
system ina shielded. quad-formed, dual-in-line. 20-lead. plastic 
package. This package contains all the active devices and most of 
the passive elements necessary. for a high) performance, 
PIX-if-system tor a TV receiver. This Note* describes the re- 
ceiver functions performed by the CA3068, and its application 
to color and monochrome TM receivers. 

Specifically, the receiver functions performed by the 
CA3068 ure: 


Video if amplification 

Linear video detection 

Noise-limited amplification of detected video 
Keyed age. with noise-imimunity circuits 
AGC delay for tuner rf stage 

Buffered output signal to drive Automatic-Fine-Tuning 
(AFT) circuits 

Amplification of intercarrier frequencies 
Sound-carrier detection 

Sound-carrier amplification 

Zener reference diode for voltage regulation. 


The only external components required for the operation of 
this if subsystem are bandwidth shaping networks. biasing net- 
works, and a power supply. A functional block diagram of the 
signal portion of a typical color-TV receiver is shown in Fig. t. 
A detailed block diagram of the CA3068, together with its 
peripheral tuned-circuits, is provided in Fig. 2. 

This Note contains a detailed description of circuit functions 
within the integrated circuit, together with examples of the use 
of the CASO68 in PIX-TF amplifier PC-boards for color and 
monochrome TV, 
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path from terminal 4 to terminal 6 through the input circuitry, 
as shown in Fig. 2. The developed agc is gated by a keying pulse 


applied to terminal 3from the horizontal sweep circuit of the TV 


receiver. Delayed age for the rf amplifier in the tuner is obtained 
from terminal 7; the delay is variable by adjustment of a resist- 
ance (25 kilohms) in series with the supply to terminal 8. 

The zener reference voltage for the power-supply regulating 
pass-transistor is developed at terminal 18 when this terminal is 
connected to a voltage supply through a current-limiting 
resistor. This resistor value should be selected to provide a 
quiescent current into the zener of 0.5 to 1.5 milliamperes (ex- 
cluding the base current for the pass transistor ). 

Terminal 15 is the dc input terminal that provides power for 
most of the CA3068 and should be connected to the 11.2-volt 
regulated supply as shown in Fig. 2. The CA3068 package has a 
20-lead configuration with 18 active terminals. Terminals 11 
and 20 have been omitted from the package; their corresponding 
leads are internally connected to the shield. Terminals 1,5, and 
10 are grounding terminals. In addition, terminal 17 is at ground 
potential. Additional information relative to de grounding is 
given in the section concerning if design. 


DETAILED CIRCUIT FUNCTIONS 
Fig. 3 is a schematic diagram of the CA3068. The diagram is 
partitioned to facilitate the explanation of the circuit con- 
figuration and its functions. 


The cascode input amplifier (first if) is a unique circuit 
designed for dual-mode operation. At low-level input signals, the 
buffer stages formed by Q3 and Q4 drive the base of the cas- 
code-if amplifier composed of Q7 and Q6. Negative-going agc 
applied to Q3 (through an external connection to terminal 6) 
increases in proportion to the increase of the input signal level. 
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Fig. 1. Block diagram of typical color-TV signal circuits using the CA3068. 


GENERAL DESCRIPTION OF CIRCUIT 
FUNCTIONS IN THE CA3068 


As shown in the block diagram of Fig. 2. the if signal from 
the tuner is applied to the input (terminal 6) of the cascode if 
amplifier. Output from the cascode amplifier is then coupled to 
a wideband amplifier at terminal 13 through the interstage trans- 
former (T2). Under maximum-gain conditions, the over-all gain 
of the CA3068 is typically 75 dB at PIX-IF frequencies. This 
signal is then applied to a linear video detector whose output 
signal is fed to a video amplifier having a gain of 12 dB. 


Bandpass shaping is accomplished by means of tuned-circuits 
preceding the input stage (terminal 6) and at the interstage 
circuit comprising input and output terminations via termi- 
nals 9, 12 and 13, as shown in Fig. 2. Terminal 16 is tied in at 
this point to provide loop bias for the input stages of the ampli- 
fiers connected to terminals 12 and 13. The age voltage develop- 
ed within the CA3068 is applied to its input stage by an external 


After approximately 40 dB of gain reduction is reached in this 
operational mode, Q7 is cut off, and its function is assumed by 
QS. Emitter degeneration in Q5 increases the dynamic input 
range of the cascode amplifier sufficiently to cope with the 
higher range of input signal level. The point at which QS assumes 
the input amplifier function is sensed by QI 1. It should be un- 
derstood that transistors Q11, Q4, and Q7 approach cut-off at 
essentially the same signal level. As Q!1 approaches cut-off, it 
draws less shunting current from terminal 8, and base current 
drive to Q8 is increased. The point at which sufficient base 
current is available to drive Q8 into conduction is determined by 
an external-delay age potentiometer connected in series with the 
V+ supply-lead and terminal 8. As QI cuts-off, the voltage 
increases at terminal 8, and current flowing into terminal 8 is 
diverted to the base of Q8. When Q8 starts to conduct, it turns 
onQ9and Q10. thereby causing the open-circuit voltage at termi- 
nal 7 to drop and produce a negative-going age voltage for the rf 
stage of the tuner. Q8 is also part of the if-agc feedback loop, 


*This Note, revised by Maurice Caputo (Solid State Division), was orginally prepared by S. Reich and R. T. Peterson. 
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and provides an increase in agc loop-gain. This increase compen- 
sates for the decrease in agc loop-gain that occurs when the 
cascode if amplifier is transitioned to its modified cut-off 
characteristic. After tuner gain reduction has reached its 
maximum, an additional 10 dB of gain reduction can be ob- 
tained in the cascode-amplifier under this modified cut-off 
condition. 

This reverse-age system is used for the cascode input stages 
because the stability achieved under maximum-gain conditions 
is maintained throughout the range of agc functioning. 

The wideband if amplifier consists of transistors Q12, Q13, 
Q14 and Q15.Q12 serves as a buffer stage between the interstage 
tuned-circuits and the automatic-fine-tuning (AFT) output- 
signal terminal. The actual if signal amplification takes place in 
Q13, Q14 and QIS, which effectively serve the function of 
second and third PIX-IF stages. Transistor Q15 is the driving 
source to QI7, the video detector. This driving source 
impedance is approximately 500 ohms as a result of the 
degenerative feedback loop through QI6. The feedback net- 
work also extends the 3-dB-down frequency response to 
beyond 70 MHz. It is this low detector-driving-point impedance 
and the absence of a tuned-circuit at this interstage point that 
contribute to the superior performance of the detector system. 
In most conventional detection systems, the detector is driven 
from a high-impedance source involving a double-tuned inter- 
stage transformer with unequal primary and secondary Q’s. In 
such a system, variations in detector impedance (caused by 
normal video excursions) can produce significant phase shifts 
that adversely affect color fidelity. In the CA3068, the untuned, 
low-impedance detector drive circuit produces a nearly opti- 
mum condition for the detector circuit. 

The detector circuit consists of transistor Q17 and its biasing 
network Q18,Q19 and R20. Q18 is biased to the same potentials 
as Q!7 because the bases are tied together through the resistance 
element of the low-pass filter that consists of R19 and C3.R20 
and C4 form a conventional peak detector in which the time 
constants are selected for optimum detector efficiency and 
desired video bandwidth. This system detects chroma subcarrier 
without ‘introducing differential phase errors as a function of 
the video signal, and detects the video signals with a minimum of 
amplitude distortion. The low signal-level requirements for the 
detector, the absence of tuned-circuits in the detector drive 
circuit, and the low source impedance for the detector, all con- 
tribute to the superior detector performance. 

The video detector is direct-coupled to the video amplifier. 
Consequently, a de input voltage above the level of one Vpe 
(0.7 volt) drop at the input to Q23 determines the condition 
for white level (dc) at the output (terminal 19). It is necessary, 
therefore, to bias Q23 to the threshold of conduction in the 
absence of detected video. This function is accomplished by the 
differential-amplifier circuit arrangement consisting of transist- 
ors Q20 and Q2!. In the absence of signal, the dc potentials at 
the emitters of Q20 and Q2! are identical. The current through 
Q20 must equal the current through Q21 because R25 is similar 
in value to (R27 + R28). This current also flows through D3 
(which has the same geometry as Q22). Consequently, Q22 


carries all the current supplied by Q20, and no current is avail- 
able for the base of Q23, so that Q23 is hei on the edge of 
conduction.When an rf carrier is present, the current in Q20 in- 
creases in direct proportion to the carrier level; however, the 
current in Q21 remains fixed. When the current increases in Q20, 
this increase can only flow to the base of Q23. Since the current 
in Q23 is directly proportional to its base current flow, a corres- 
ponding increase in current through Q20 as a result of rf carrier 
detection produces a video output at terminal 19. 

As the video carrier signal increases, the dc level at the base of 
Q23 increases, and there is an accompanying decrease in the dc 
level at the base of Q25 and, consequently, at terminal 19. With 
a sufficiently strong rf signal, the current through Q23 and R29 
increases such that the base voltage of Q25 is driven toward dc 
ground. The “bottoming” level at terminal 19 under nominal 
signal conditions is locked to about 0.8-volt as a result of the 
high loop gain of the agc system. Any further increase in the 
signal, after “bottoming” is reached, will be clipped. This oper- 
ational feature serves as a highly effective mechanism to limit 
impulse noise. 


When a signal is present at the input, the composite video 
signal at the base of Q25 appears at terminal 19 through the 
Darlington connection to the emitter of Q26. The sync tips in 
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Fig. 2. Detailed block diagram of the CA3068 together with its peripheral tuned circuits. 
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Fig. 3. Schematic diagram of the CA3068. 
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this composite waveform drive the keyed agc amplifier Q27, 
which in turn drives Q28. Without a video rf signal there is no 
video signal output, and Q27 conducts during the keying inter- 
vals (the horizontal pulse is connected to terminal 3). As the 
detected signal level increases in amplitude and the output 
voltage at terminal 19 approaches its typical operational level of 
7 volts peak-to-peak, the peak potential at the base of Q27 
begins to fall below 0.8 volt. Under these conditions, the keying 
current formerly channeled through Q27 is diverted through 
diode D4. As the signal level rises even higher, a greater portion 
of the Q27 collector current is diverted through D4, and the base 
current to Q28 is proportionately increased. A 10-microfarad 
capacitor is normally connected between terminal and ground 
and is, by this connection, put in shunt with Q28. The charge on 
this external capacitor is maintained through a bleeder resistor 
to V+. As the base current to Q28 increases, Q28 discharges the 
capacitor at a rate that is proportional to the base current of 
Q28. Integration of the total charge on the capacitor over the 
keying interval yields a dc level (age voltage) that is inversely 
proportional to the incoming signal level; i.e., agc voltage 
approaches zero as the signal increases. 

Any high-performance agcsystem must have noise-immunity 
characteristics in order to avoid the establishment of false agc 
levels. AGC voltage developed from random noise can produce 
“wash-out”, “blank raster” and/or a momentary “‘loss of sync”. 
The CA3068 is designed with an improved noise-immunity 
circuit that essentially removes the keying current during 
periods of high noise input. The active devices responsible for 
providing protection against this deleterious effect of the im- 
pulse noise are the ‘“‘noise detector”, Q29, and the “noise clamp”’ 
Q31, which is driven by Q30. Impulse noise is channeled through 
the high-pass filter network consisting of C10 and R36 to the 
detector input Q29. Q29 and C11 comprise a conventional peak 
detector. The dc level across C11, which is proportional to the 


level of impulse noise, turn on Q30 and Q31, thereby clamping 
the keying supply voltage (terminal 3) to ground. In actual oper- 
ation, the terminal-3 supply has a series resistance that is large 
enough to limit the peak current into the zener diode (Z5) to 
approximately 0.8 milliampere. When Q31! conducts, it shunts 
this current to ground. 

The sound-if-channel and PIX-IF-channel signals whose 
“carrier” frequencies are 41.25 MHz and 45.75 MHz, respec- 
tively, are applied to terminal 12. Q32 functions as a buffer 
between the interstage-tuned-circuits associated with ter- 
minal 12 and the PIX/sound-channels amplifier, Q33. The inter- 
carrier frequency (the difference frequency between the PIX 
and sound “‘carrier’’ frequencies) is detected by the peak de- 
tector Q34 and C12. The resultant 4.5 MHz FM sound-inter- 
carrier signal is fed to transistor Q35. This transistor and Q36 
form a differential pair that provides an amplified intercarrier 
sound-if signal to the base of Q37. A feedback system through 
the RC networks in the Darlington emitter-follower output of 
Q37 provides bandpass shaping in the region of 4.5 MHz while 
maintaining a low dc gain. The low level of dc gain is desirable 
because the circuit receives its bias in an open-loop manner from 
terminal 16. The bandpass of this amplifier system is fairly 
broad, and even though it is optimized for 4.5 MHz operation, 
there is relatively high output at other intercarrier frequencies, 
as shown in the curve in Fig. 4. 


dB 
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Fig. 4. Relative sound-carrier output as a function of frequency. 


The internal zener reference-diode consists of the series diode 
arrangement shown connected between terminal 18 and the sub- 
strate in Fig. 3. A regulator-circuit configuration showing the 


531 


ICAN-6303 


pass transistor interconnected with the reference diode is given 
as part of the color and monochrome if amplifier circuits that 
are discussed in the following paragraphs. Similarly, the regula- 
tion curves shown in Figs. 5 (a) and 5 (b) are discussed below in 
more detail. It should be noted that (with a heat sink for the 
2N3053 and a lower value for the resistor in series with the 
collector) the regulated voltage from this supply may be used to 
provide power to other circuits in addition to the CA3068. 


The distribution of tuned circuits around the CA3068 ampli- 
fier circuit is a matter of preference of the circuit designer. In 
general, a total of five tuned circuits will’be required subsequent 
to the mixer for proper selectivity and bandpass shaping. In 
addition, at least one 47.25 MHz adjacent sound-channel and 
one 41.25 MHz sound-channel trap will be required. The systems 
to be discussed in this Note are designed to be driven from a 
single tuned circuit connected to the mixer output. In addition, 
both the color and monochrome if systems described subse- 
quently utilize tuned circuits at the input and output to the 
cascode amplifier. The second transformer is used to couple 
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Fig. 5. Regulated supply of the CA3068: (a) voltage-ver- 
sus-current for zener reference diode of CA3068; 
(b) voltage-versus-current for regulated supply of 
CA3068. 


output from the cascode if amplifier to the wideband if 
amplifier (i.e., the output from terminal 9 to input terminal 13 
for the PIX-channel and input terminal 12 for the sound-chan- 
nel). All of the if transformers are synchronously tuned. 


PIX—IF SYSTEM DESIGNS 


The use of the CA3068 in the two major categories of 
PIX-IF application, PIX-IF for color-TV receivers and PIX-IF 
for monochrome receivers, is described below. To illustrate the 
use of the CA3068 in a tuner requiring “reverse” agc action, the 
rf-stage of the tuner employed in the PIX-IF for color-TV re- 
ceiver contains a MOSFET. In contrast, the rf-stage of the tuner 
employed in the PIX-IF for the monochrome receiver makes 
use of a bipolar transistor in a “forward” agc arrangement. 
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COLOR TV 


A block diagram of a color-TV receiver is shown in Fig. 1. In 
the design to be described, the input to the if system is intended 
to be coupled through a 50-ohm cable from the TV mixer; the 
mixer employs a single tuned-output coil having an impedance 
transformed down to 50 ohms. The if input circuit drives a 
cascode if amplifier with a gain capability of 35 dB. The input 
impedance to the cascode if amplifier is greater than 
4000-ohms at minimum signal levels and increases with agc 
action. The source impedance as seen by the CA3068 should be 
approximately 500 ohms to dominate the input-circuit con- 
ductance node. Similarly, the output impedance of the cascode 
amplifier should be loaded by a tuned circuit with an impedance 
of approximately 3000 ohms to dominate the output node. The 
if amplifier stability is then unaffected by the IC impedance 
variations, but is a function of the feedback component. This 
feedback component consists of coupling within the IC pack- 
aging, PC-board stray capacitances, and PC-board common 
impedances. It can be shown that with the maximum device 
feedback capacitance the amplifier is stable. For example, with 
circuit bias conditions of I9 = 2 mA, Y21 = 50 mmhos, and 
Cfp (max) = 0.005pF, the maximum usable gain (MUG) is 42 dB 
(which allows for a 20 percent skew factor). The fact that this 
value of MUG is greater than the actual circuit gain (35 dB) 
substantiates the stability. 


Although these calculations show the device to be stable, it 
must be recognized that poorly controlled external feedback 
mechanisms may raise the level of feedback in a high-gain, 
physically small rf amplifier so as to produce instabilities. For 
this reason, the PC-board layout is extremely important, and 
any high-gain if amplifier design should include a board layout. 


As mentioned previously, the interstage transformer should 
load the cascode amplifier with approximately 3000 ohms, and 
should provide a 500-ohm source impedance to input 
terminal 13 (the wideband if amplifier section). The imped- 
ance at terminal 13 is approximately 5000 ohms. The driv- 
ing-point impedance to sound-if terminal 12 should be about 
1000 ohms, this terminal looks into a 5000-ohm input circuit. 
The 41.25 MHz trap is a rejection filter for the video amplifier 
and allows the carrier to pass into the sound system. 


The circuit design in Fig. 6 shows a typical cable-link circuit 
which includes a 47.25 MHz bridged “T” adjacent-sound-chan- 
nel trap at the input circuit. It also includes a 39.75-MHz trap for 
an adjacent video carrier for operation in CATV systems or in 
areas where adjacent channels are available. This trap may con- 
sist of a 39.75-MHz bridge “‘T’”’ connected in parallel directly 
across the 47.25-MHz trap. Both traps provide the additional 
selectivity necessary for attenuation of the undesired fre- 
quencies by more that 40 dB. 
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Fig. 6. Schematic diagram of a typical tuner-to- PIX-IF link 
circuit. 


The second and third PIX-IF amplifier stages provide two 
extra stages of gain (approximately 40 dB). The stages present a 
very low driving-point impedance to the linear detector, as de- 
scribed earlier. The detected signal then undergoes an additional 
12 dB of video amplification. The video output at terminal 19 is 
nominally 7 volts (peak-to-peak). AGC is developed when the 
input signal reaches and exceeds the magnitude necessary to 
produce this video output level. Fig. 7 (a) shows the developed 
age bias (terminal-4 voltage) as a function of signal level at ter- 
minal 6. Fig. 7 (b) shows the delayed age voltage at terminal 7 
(for application to the tuner) with R1 adjusted so that this 
delay-bias is generated whenever the input signal at terminal 6 
exceeds 8 millivolts. 


An output signal is available at terminal 14 to drive an auto- 
matic-fine-tuning (AFT) subsystem-IC, such as the RCA 
CA3064. This connection is a buffered output from an emitter 
follower as described earlier. The level of signal at 45.75 MHz to 
drive the AFT circuit is nominally 15 millivolts. 
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Fig. 7. (a) Developed agc bias as a function of signal level at 
terminal 7; (b} delayed agc voltage at terminal 7. 


Fig. 8 shows the RCA CA3068 coupled to a tuner that uses 
an RCA type 40820 MOSFET in the rf-amplifier stage. AGC 
voltages are applied (shown in Fig. 8) to optimize over-all TV- 
receiver performance, so that, when maximum receiver sensi- 
tivity is required (such as during the reception of weak signals 
from the antenna) the tuner will operate at optimum: noise 
factor and maximum gain. As the input signal level increases, it 
is still desirable to operate the rf stage at optimum signal-to- 
noise ratio until the signal level is of sufficient magnitude to 
override any tuner noise degradation brought about by the 
application of agc. Therefore, the gain-reduction voltage to 
the tuner should be delayed until the signal level builds up. 
Fig. 7 (b) shows that this age is delayed until the if signal level 
reaches an 8-millivolt level. Then the tuner-gain-reduction mode 
is initiated. After the tuner gain reduction is expended, at 
least another 10-dB gain reduction is still available in the 
cascode portion of the if amplifier. 
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Fig. 8. Block diagram of a color if system. 


As shown in Fig. 2, the agc system is, for the most part, 
self-contained. An optimized agc response characteristic can be 
achieved by use of a high-quality tantalum 10-microfarad capac- 


itor connected between terminal 4 and ground. An RC de- 
coupling network smooths the age ripple associated with the 
charge and discharge of the 10-microfarad capacitor at the hori- 
zontal-oscillator frequency rate. The age system is normally 
keyed from the horizontal-output circuit in the TV system. This 
keying pulse should be applied to terminal 3. The magnitude of 
the pulse should be sufficient to supply a nominal peak current 
value of 0.8 milliampere into terminal 3. The value of the series 
resistor Rg associated with terminal 3 may be computed as 
follows: During the conduction period (with keying applied), the 
constant-voltage components within the integrated circuit 
account for: 


Vy =82V 
(It is assumed that [3 = 0.8 mA) 

If the keying-pulse magnitude, Vp: is [5 V, then: 
IS VK (15 8.2)V 

OR 


13 =0.8 mA = 
S $ 
R,= 8.5 kilohms 


The sound output is derived from terminal 2 at a level com- 
patible with the input requirements of a TV-sound-if-subsystem 
IC, such as the RCA CA306S. There is also a dc component of 
approximately 6.7 volts present at terminal 2. Coupling net- 
works to subsequent circuits must contain a suitable de-blocking 
capacitor. 

Small chokes located in the sound and video outputs 
(terminals 2 and 19) should be self-resonating at the inter- 


mediate frequencies to prevent ifleakage into subsequent stages. 


The CA3068 if subsystem has an internal zener refer- 
ence-diode that permits operation of the subsystem with an 
external voltage-regulator pass transistor. A suggested circuit 
arrangement is shown as part of the over-all if schematic 
diagram in Fig. 5 (b). The voltage-regulator pass-transistor has a 
nominal output voltage of 11.2 volts. Bypassing of the V+ 
supply with reference to the if subsystem is important, and the 
suggested arrangement shown in the application circuit (Fig. 10) 
should be used. Specifically, terminal 15 should be bypassed to 
terminal 17 on the CA3068. Even though terminal 17 is at de 
ground potential, it should not be tied to ground but rather 
should be bypassed in the manner shown to avoid mutual im- 
pedance coupling within the CA3068. 


MONOCHROME TV 


The delayed-agc circuits used in the CA3068 were originally 
intended to control a MOSFET in the rf-stage of the TV tuner. 
This arrangement permits direct application of the delayed-age 
voltage from the CA3068 to the tuner. In monochrome 
receivers, however, it is common practice to employ a bipolar 
transistor in the rf-stage of the tuner, and a circuit with a “for- 
ward”’-age characteristic is required to control the rf-stage. This 
characteristic is easily established by means of an inverter net- 
work utilizing a p-n-p transistor, as shown in the circuit of Fig. 9. 
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Fig. 9. Block diagram of an if system for a monochrome re- 
ceiver showing peripheral agc circuit. 
As the input signal level increases, the forward-agc delay voltage 
is developed at the tuner when the voltage at terminal 7 of the 
CA3068 decreases. The age voltage applied to the rf-stage of the 
tuner (Fig. 9) is derived from the collector of the p-n-p tran- 
sistor. As the delay-agc voltage is generated at terminal 7 of the 
CA3068, the base of the p-n-p inverter is driven into conduction, 


which causes more current to flow through the collector circuit, 
so that a positive (or forward) age potential is generated for the 
bipolar transistor in the tuner. 


TV RECEIVER PIX—IF CIRCUIT APPLICATIONS 


In this section, the application of the CA3068 integrated 
circuit in a color and a monochrome TV receiver is described. 
The circuits shown were constructed on single-sided copper PC 
boards. 

As previously noted, because of the high gain encountered in 
PIX-IF design, positive feedback must be avoided if the 
amplifier is to remain free of spurious oscillation. To this end, 
the optimization of printed board layout and component place- 
ment is essential. The proper choice of bypassing components 
and signal-path layout is necessary to avoid feedback through 
ground loops. 


IF CIRCUIT FOR COLOR TV RECEIVER 


The schematic diagram of an if system for a color-TV re- 
ceiver is shown in Fig. 10. A parts list and illustrations showing 
the PC-board component layout (top view) and the actual 
printed circuit (bottom view of board) are shown in Appendix 
A. Since most current color-TV receivers employ automa- 
tic-fine-tuning (AFT) systems, an AFT system using the CA3064 
has also been included on the same board; Fig. 10 includes the 
AFT circuit. 

The if-response is determined by the triple-tuned circuit, 
which consists of three traps: two preceding the IC and an inter- 
stage double-tuner circuit with one trap. In the tripled-tuned 
circuit, the two bridge-T traps are used to provide attenuation of 
the adjacent-channel picture carrier (frequency 39.75 MHz) and 
adjacent-channel sound carrier frequency (47.25 MHz). A 
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between the tuner and the if stage. Parasitic resonance and 
couplings have been minimized to maintain a high degree of 
attenuation at frequencies remote from the if-resonance fre- 
quency. 

The interstage double-tuned bandpass circuit, with a bifilar 
T-trap at 41.25 MHz, is similar to that commonly used in the 
third stage of colur-TV receivers. The sound and picture carriers 
are present at the input (terminal 12) to the 4.5 MHz sound-if 
detector circuit. Trapping action removes the 41.25 MHz sound 


carrier at terminal 13 to prevent a differénce-frequency beat of 
0.92 MHz with the chroma subcarrier at 42.17 MHz. The picture 
carrier and chroma subcarrier entering terminal 13 are ampli- 
fied, detected, and additionally amplified as detected video 
signal. If the sound carrier is not attenuated by the 41.25 MHz 
trap, the carrier will be detected as a large 4.5 MHz differ- 
ence-signal in the video output. A 4.5 MHz trap (T5) is included 
to prevent interference of a residual 4.5 MHz intercarrier signal 
in the chroma and luminance circuits. 

The chroma peaking circuit compensates for the slope of the 
video response, as shown in Figs. 11 (a), 11 (b) and 11 (c). The 
actual slope and shape of the video response between 3.08 MHz 
and 4.08 MHz will vary because of normal component tolerance. 
The chroma-peaking coil, L7, has two cores, one to adjust in- 
ductance to center the response at 3.58 MHz, and the other to 
adjust chroma output level and bandwidth. The latter core 
controls circuit Q with little effect on over-all inductance. 

Photographs of the detected sweep-response characteristics 
are shown in Fig. 12. The sweep-response of Fig. 12 (f) shows 
the interstage alignment from TP3 (of Fig. 10) to terminal 9 of 
the CA3068. The sweep-response curves in Figs.,12 (a) through 
12 (e) show 60 dB of age range from a level of 100 microvolts 
(Fig. 12 (e)) to 100 millivolts (Fig. 12 (a)). 

The alignment procedure for the color-TV PIX-IF system 
using the CA3068, Fig. 10, is given in Appendix A. 


Q2 
VIDEO PREAMP 


TS r 


CHROMA | | 
PEAKING | 


s2CcL- 74082 


Fig. 10. Schematic diagram of a typical application of the CA3068 to a PIX-IF circuit for a color-TV system. 
A template of the printed circuit board used to construct this circuit, a diagram of the position of 
all components on the board, a block diagram of the location of major components on the board, 


and a circuit parts list are given in Appendix A. 


common bridge impedance consisting of parallel-connected L1 
and R2 is used. Adjustment of LI for best null of the 47.25 MHz 
trap assures the desired 60-dB minimum attenuation. 

The triple-tuned circuit provides, at center frequency, a 
source resistance to the IC of 800 ohms and a voltage gain of 
three from the input to pin 6 of the IC. The first section of the 
triple-tuned circuit consists of L2 and C6. Capacitor C6 is in 
parallel resonance with coil L2 at 44 MHz. The third section of 
the triple-tuned circuit consists of coil L4 and capacitor C14. 
Coupling and voltage-gain from L2 to LA are provided by the 
second section, coil L3 and capacitors C10, C11, and C12. The 
inductive reactance of L3 is made 75 times larger than that of L2 
to provide a high degree of tuned-circuit isolation for ease of 
alignment. 

The circuit provides protection against interference resulting 
from a strong rf signal which might inadvertently be introduced 


IF CIRCUIT FOR MONOCHROME TV RECEIVER 


The schematic diagram for a PIX-IF system for a mono- 


chrome TV system that employs the CA3068 is shown in 
Fig. 13. A PC-board component-layout diagram (top view), the 


actual printed circuit (bottom view of board), and a circuit parts 
list are shown in Appendix B. A sound-if system using the 
CA3065 has been included to show the simplicity with which it 
can be used in conjunction with the CA3068. 

The selectivity is provided in two sections, an input 
single-tuned circuit with trap, and a double-tuned interstage 
circuit. The resistive pad, R!, R2, and R3 of Fig. 13, is used to 
terminate the link-cable and isolate cable effects from the high-Q 
input circuit. The bridge-T trap-circuit is used to give maximum 
attenuation to the adjacent-channel sound carrier. Precision 
components (R2, Cl, C2) achieve a good null at 47.25 MHz 
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without the need for additional components. The circuit Q is 
controlled by Ril and the resistive input network to yield a 
3-dB bandwidth of 3 MHz centered at 44.5 MHz. The 
“T”-equivalent circuit is used for interstage coupling to realize a 
miniature, precision, double-tuned transformer. The mutual 
coupling element, LS, is an air-core, spring-winding coil which is 
actually calibrated by physical dimensions. If necessary, this coil 
may be “knifed” to provide a simple and effective coupling 
adjustment. The circuit Q’s are each set at 21, and are controlled 
by R17 and R18, which also feed bias for the broadband ampli- 
fier and sound channels, respectively. The picture-carrier at 
45.75 MHz is set at 50 percent to yield proper reception of the 
vestigial sideband. The color subcarrier at 42.17 MHz is placed 
comparatively low on the response curve, since the resulting beat 
with the 41.25 MHz is placed at greater than 5 percent but less 
than 10 percent to produce an adequate sound-if intercarrier 
signal at 4.5 MHz, and yet maintain low intermodulation. 
Typical over-all sensitivity of the if circuit is approximately 150 
microvolts for full video output. 

Interference from the 45-MHz high-level signals and har- 
monics is prevented by care in passing and filtering. A 12-micro- 
henry choke (L4 of Fig. 13), self-resonant at the fourth har- 
‘monic, is used in the video output lead; the sound output con- 


92CS- 24067 


Fig. 11. (a) Over-all if response, (b) video and peaking circuit 
response, (c) chroma response for the circuit of 
Fig. 10 (frequency values in MHz). 
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Fig. 12. Detected sweep-response characteristics for the circuit 
of Fig. 10. 
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Fig. 13. Schematic diagram of a typical application of the CA3068 to a PIX-IF circuit for a monochrome-TV system. 
A template of the printed-circuit board used to construct this circuit, a diagram of the position of all com- 
ponents on the board, and a circuit parts list are given in Appendix B. 


tains a ferrite bead. The B+ supply must be bypassed to provide 
a low-impedance source for the video driver stages and to 
provide high-frequency filtering. The 1-microhenry choke (L3 
of Fig. 13) is made very lossy to prevent resonance with C8. 
The ferrite bead and C9 provide high-frequency filtering for 
harmonics of the 45-MHz signal. 

Typical sweep-response characteristics are shown in Fig. 14. 


The alignment instructions for the monochrome, PIX-IF circuit 
are given in Appendix B. 


SUMMARY 


A complete if subsystem has been described for use in both 
color and monochrome TV receivers. The only signal inputs 
required by the CA3068 are if signals from the tuner and a 
keying pulse from the horizontal circuitry. The CA3068 pro- 
vides all outputs needed to drive the video output stage, delay 
line, syne-separator circuitry, RCA CA306S sound if sub- 
system, RCA CA3064 AFT subsystem, and delayed-agce voltage 
for the rf stage in the tuner. Additionally, circuits for noise 
immunity and signal overload protection are an integral part 
of the CA3068 design. These subsystems have typical input 
sensitivities of 100 microvolts for a 4-volt, peak-to-peak video 
output. A unique video detector arrangement provides ex- 
tremely linear output throughout the 7-volt, peak-to-peak, 
video-output range of the system. 
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Fig. 14. Typical sweep-response characteristics for the circuit of 
Fig. 13. 


Although this Application Note describes subsystem designs 


in TV receivers, the CA3068 is also applicable in AM communi- 
cations systems requiring performance at frequencies within the 
range of 10 to 70 MHz. 
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APPENDIX A — THE COLOR CIRCUIT 


ALIGNMENT PROCEDURE FOR THE COLOR CIRCUIT 


Preliminary Adjustments and Calibration 


I. 
Gs 


3. 


Adjust delay-age (noise pot) fully cw. 

Connect supplies as indicated on schematic diagram 
(Fig. 10), set bias to zero. 

Set sweep generator to 10 millivolts as indicated on Boonton 
91DA meter with 56-ohm termination. 


Step 1 -1F Interstage Alignment 


a. 
b. 


soans 


Ground TP} with short clip lead. 
Connect sweep generator with 56-ohm termination and 
1000-picofarad decoupling capacitor to TP3. 


. Connect oscilloscope to video output. 
. Adjust bias for S-volt peak-to-peak response on oscilloscope. 
. Adjust bottom core of T4 for minimum at 41.25 MHz. 


Adjust L5 and L6 for symmetrical response with PIX and 
color markers equal (Fig. 12 (a)): LS controls markers and 
L6 controls tilt. 


. Adjust top and bottom cores of T4 simultaneously, top core 


for maximum rejection of 41.25 MHz and bottom core to 
maintain minimum 41.25 MHz. 


Step 2 -1F Overall Alignment 


a. Leave ground clip lead on TP1. 

b. Remove sweep input from TP3. 

c. Connect TP2 through a 1000-picofarad capacitor to TP3. 

d. Connect sweep generator to input. 

e. Readjust variable bias to maintain 5-volts peak-to-peak 
response on oscilloscope. 

f. Adjust Tl for minimum 39.75 MHz. 

g. Adjust T2 for minimum 47.25 MHz. 

h. Adjust L2 for equal height of PIX and color markers. 

i. Remove ground-clip lead from TP! and 1000-picofarad 
capacitor from between TP2 and TP3. 

j. Maintain5-volts peak-to-peak response on oscilloscope by re- 
adjusting bias. 

k. Adjust L3 and LA simultaneously for symmetrical response 
with PIX and color markers equal: L4 controls markers and 
L3 controls tilt. 

!. Adjust bandpass trimmer, C12, to place PIX and color mark- 
ers at 40 percent while readjusting L3 and L4 (Fig. 12 (b)). 

m. Re-adjust T! for minimum at 39.75 MHz if necessary. 

n. Re-adjust T2 for minimum at 49.25 MHz. Then adjust L2 to 
maximize the rejection at 47.25 MHz. 

AFT Alignment 


ana et 


. With oscilloscope on AFT output, adjust bias for 10-volts 


peak-to-peak response. 


. Adjust L8 for maximum 45.75 MHz. 

. Adjust L9 for crossover at 45.75 MHz. 

. Re-adjust L8 and L9 to obtain symmetry. 
. Adjust L8 to obtain maximum width. 


Color-Circuit Parts List 


Capacitors Resistors (All values in ohms) 
Cl 0.001 uF RI 18 
C2 5.1 pF R2 20 
C3 5.6pF R3 33 
C4 3.3pF R4 10 
CS 5.1 pF R5 2.7k 
C6 300pF R6 3.3k 
C10 16pF R7 100 
Ci} lipF R8& 15k 
C12 1-6pF R9 39k 
C13 0.01huF RIO 120k 
C14 47pF R11 4.7k 
C15 0.01uF R12 10k 
C16 10uF R13 2.2k 
C17 0.001 uF R14 4.7k 
Cci8 0.001 uF R15 8.2k 
C19 7.5pF R16 330 
C20 1 .6pF R17 lk 
C21 0.001 uF R18 330 
C22 3.6pF R19 Ik 
C23 220pF R20 2.7k 
C24 0.01uF R21 \k 
C25 li pF R22 330 
C26 0.022uF R23 1.2k 
C27 680pF R24 1k 
C28 120pF R25 1k 
C29 180pF R26 2.2k 
C30 0.022uF R27 47 
C31 56pF R28 3.3k 
C32 220pF R29 25k 
C33 130pF 

C34 62pF 

C35 82pF 

C36 0.001 uF 

C40 1000pF 

C41 1000pF 

C42 1000pF 


Inductors RCAStock No. 


LI 132159 
LZ 132161 
L3 132839 
L4 132658 
LS 137126 
L6 132146 
Tl 132839 
T2 132157 
T4 132150 
TS 132135 


APPENDIX B — THE MONOCHROME CIRCUIT 


ALIGNMENT PROCEDURE FOR THE 
MONOCHROME-CIRCUIT 


Step 1- 


. Connect +20 volts to appropriate points on board. 

. Connect sweep generator to input 

. Connect dc bias voltage to appropriate point on board. 
. Adjust sweep generator for 10-millivolt input. 

. Adjust bias voltage for 5-volt, peak-to-peak output. 


Mh WnN — 


Step 2 - 


1. Adjust LT for minimum response at 47.25 MHz. 

2. Adjust L2 for maximum at 44.5 MHz. 

3. Adjust L6, L7 for bandpass shown in Fig. 14 (b). The 
curve should have 3-MHz bandwidth centered at 
44.5 MHz. 
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Monochrome-Circuit Parts List 


Capacitors 


Cl 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
Cll 
C12 
C13 
Cl4 
C15 
Cl6 
C17 
C18 
C19 
C20 
C2! 
C22 
C23 
C24 
C25 
C26 
C27 


Inductors 


3.0pF 
3.0pF 
6.8pF 
3.9pF 
0.001 uF 
12uF 
0.001 uF 
0.001 uF 
6.8pF 
0.01puF 
20pF 
1SpF 
0.001 uF 
18pF 
0.01 uF 
0.001 uF 
0.001 uF 
5uF 
4700pF 
68pF 
12pF 
4pF 
82pF 
0.047uF 
0.047uF 
0.01 uF 
0.047uF 


RCA Stock No. 


131655 
133463 
1.OuH 
12.0uH 
134754* 
131465 
133546 
130120 
130121 


*(9 turns No. 23 wire; use 1/2 W resistor to form coil) 


Resistors (All values in ohms) 


RI 
R2 
R3 
R4 
RS 
R6 
R7 
R8 
R9 
R10 
R11 
R12 
RI3 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 


18 
27 
91 
15k 
3.3k 
10k 
1.0k 
33k 
51k 
270 
2.2k 
120k 
2.2k 
15k 
25k 
8.2k 
2.2k 


» 3.3k 


150 
56 
36 
220 
5.6k 
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COLOR -CIRCUIT COMPONENT POSITIONS. 


O 


CA3064 


92CS-24066RI 


THE COLOR CIRCUIT 


SHIELD DEPTH 3/4" INCH (TOP) 
BOTTOM 3/8” INCH 


Out NOTE: Sour. act 
1.6) +430 VOLTS 
(2) TUNER AGC 
(3) CONTROL AGC 
(4) GND 
(5) INPUT 
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Applications of the CA3080 and CA3080A High-Performance 
Operational Transconductance Amplifiers 


by H. A. Wittlinger 


The CA3080 and CA3080A are similar in generic form to 
conventional operational amplifiers, but differ sufficiently to 
justify an explanation of their unique characteristics. This 
new class of operational amplifier not only includes the usual 
differential input terminals, but also contains an additional 
control terminal which enhances the device’s flexibility for 
use in a broad spectrum of applications. The amplifier 
incorporated in these devices is referred to as an Operational 
Transconductance Amplifier (OTA), because its output signal 
is best described in terms of the output-current that it can 


ne 
supply. (Transconductance gy, = ad. The amplifier’s 
“in 


output-current is proportional to the voltage difference at its 
differential input terminals. 

This Note describes the operation of the OTA and 
features various circuits using the OTA. For example, 
communications and industrial applications including 
modulators, multiplexers, sample-and-hold-circuits, gain 
control circuits and micropower comparators are shown and 
discussed. In addition, circuits have been included to show 
the operation of the OTA being used in conjunction with 
RCA COS/MOS devices as post-amplifiers. 


Fig. 1 shows the equivalent circuit for the OTA. The 
output signal is a “current” which is proportional to the 
transconductance (gm) of the OTA established by the 
amplifier bias current ([apc) and the differential input 
voltage. The OTA can either source or sink current at the 
output terminals, depending on the polarity of the input 
signal. 


LT out = Im(tein) 


Gm= 192- TABC 
(mmhos) (mA) 
Ro = 75/ Lasc 
(megohms) - (mA) 


Fig. 1— Basic equivalent circuit of the OTA. 


The availability of the amplifier bias current (lABC) 
terminal significantly increases the flexibility of the OTA and 
permits the circuit designer to exercise his creativity in the 
utilization of this device in many unique applications not 
possible with the conventional operational amplifier. 


Circuit Description 

A simplified block diagram of the OTA is shown in Fig. 
2. Transistors QI and Q2 comprise the differential input 
amplifier found in most operational amplifiers, while the 
lettered-circles (with arrows leading either into or out of the 
circles) denote ‘‘current-mirrors”. Fig. 3a shows the basic 
type of current-mirror which is comprised of two transistors, 


INVERTING 
INPUT 


NON-INVERTING 
@ INPUT 


AMPLIFIER 
BIAS -° 
CURRENT 
Q) 


Fig. 2— Simplified diagram of OTA. 
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one of which is diode-connected. In a “‘current-mirror”’, with 
similar geometries for Qa and Qp, the current I’ establishes a 
second current I whose value is essentially equal to that of I’. 
This basic current-mirror configuration is sensitive to the 
transistor beta (6). The addition of another active transistor, 
shown in Fig. 3b, greatly diminishes the circuit sensitivity to 
transistor beta (6) and increases the current-source output 
impedance in direct proportion to the transistor beta (@). 
Current-mirror W (Fig. 2) uses the configuration shown in 
Fig. 3a, while mirrors X, Y, and Z are basically the version 
shown in Fig. 3b. Mirrors Y and Z employ p-n-p transistors, 
as depicted by the arrows pointing outward from the mirrors. 
Appendix 1 describes “current-mirrors” in more detail. 


I I I’ I I I I ] 
Y Y 
Qa Qa Qg a tk 
Qa, 
(a) = (b) i. 


Fig. 3— Basic types of current mirrors; a) diode-connected 
transistor paired with transistor; b) improved 
version: employs an extra transistor. 


Fig. 4 is the complete schematic diagram of the OTA. 
The OTA employs only active devices (transistors and 
diodes). Current applied to the amplifier-bias-current ter- 
minal, Iapgc, establishes the emitter current of the input 
differential amplifier Ql and Q2. Hence, effective control of 
the differential transconductance (g,,,) is achieved. 


INVERTING 
INPUT OUTPUT 
©) 


NON — 
INVERTING 
INPUT (3) 


AMPLIFIER 
BIAS —CURRENT 
S) 


Fig. 4— Schematic diagram of OTA types CA3080 and 
CA3080A. 


The g,, of a differential amplifier is equal to 


gale 
2KT 
(see Ref. 2 for derivation) where q is the charge on 
an electron, @ is the ratio of collector current to emitter 
current of the differential amplifier transistors, (assumed to 
be 0.99 in this case), Ic is the collector current of the 
constant-current source (Ia gc in this case), K is Boltzman’s 
constant, and T is the ambient temperature in degrees Kelvin. 
At room temperature, gy, = 19.2 x Lape, where gm is in 
mmho and lagc is in milliamperes. The temperature 
coefficient of g,, is approximately -0.33%/°C (at room 
temperature). 


Transistor Q3 and diode D1 (shown in Fig. 4) comprise 
the current mirror “W” of Fig. 2. Similarly, transistors Q7, 
Q8 and Q9 and diode DS of Fig. 4 comprise the generic 
current mirror “Z” of Fig. 2. Darlington-connected transis- 
tors are employed in mirrors “Y’ and “Z” to reduce the 
voltage sensitivity of the mirror, by the increase of the mirror 
output impedance. Transistors Q10, Q11, and diode D6 of 
Fig. 2 comprise the current-mirror “X”’ of Fig. 2. Diodes D2 
and D4 are connected across the base-emitter junctions of QS 
and Q8, respectively, to improve the circuit speed. The 
amplifier output signal is derived from the collectors of the 


“Z” and “X” current-mirror of Fig. 2, providing a push-pull 
Class A output stage that produces full differential g,,. This 
circuit description applies to both the CA3080 and 
CA3080A. The CA3080A offers tighter control of g,, and 
input offset voltage, less variation of input offset voltage 
with variation of Iapgc and controlled cut-off leakage 
current. In the CA3080A, both the output and the input 
cut-off leakage resistances are greater than 1,000 MQ2. 


APPLICATIONS 


Multiplexing 

The availability of the bias current terminal, lage, 
allows the device to be gated for multiplex applications. Fig. 
5 shows a simple two-channel multiplex system using two 
CA3080 OTA devices. The maximum level-shift from input 
to output is low (approximately 2mV for the CA3080A and 
5mV for the CA3080). This shift is determined by the 
amplifier input offset voltage of the particular device used, 
because the open-loop gain of the system is typically 100dB 
when the loading on the output of the CA3080A is low. To 
further increase the gain and reduce the effects of loading, an 
additional buffer and/or gain-stage may be added. Methods 
will be shown to successfully perform these functions. 


In this example positive and negative 5-V power-supplies 
were used, with the IC flip-flop powered by the positive 
supply. The negative supply-voltage may be increased to 
-15 V, with the positive-supply at 5 V to satisfy the logic 


supply voltage requirements. Outputs from the clocked flip- 
flop are applied through p-n-p transistors to gate the CA3080 
amplifier-bias-current terminals. The grounded-base con- 


lOkw 


MULTIPLEXEO 


CHANNEL # | ueey 


INPUT 


CHANNEL # 2 
INPUT y 


vt=z5v 
V7 =-5V 


(NO SUPPLY BYPASSING 
SHOWN) 

TO TERM 5 
AMP! 


2N4037 


INPUT |DTL or TPL 
FLIP-FLOP 


Fig. 5 Schematic diagram of OTAs in a two-channel linear 
time-shared multiplex circuit. _ 


figuration is used to minimize capacitive feed-through 
coupling via the base-collector junction of the p-n-p 
transistor. 

Another multiplex system using the OTA’s clocked by a 
COS/MOS flip-flop is shown in Fig. 6. The high output 
voltage capability of the COS/MOS flip-flop permits the 
circuit to be driven directly without the need for p-n-p 
level-shifting transistors. 

A simple RC phase-compensation network is used on the 
output of the OTA in the circuits shown in Figs. 5 & 6. The 


values of the RC-network are chosen so (hapacies =2MHz. 
2nRC 


Okie 


MULTIPLEXED 


1Okn 
OUTPUT 
2) 


(NO SUPPLY BYPASSING 
SHOWN ) 


Fig. 6- Schematic diagram of a two-channel linear multi- 
plex system using a COS/MOS flip-flop to gate two 
OTAs. 


This RC-network is connected to the point shown because 
the lowest-frequency pole for the system is usually found at 
this point. Fig. 7 shows an oscilloscope photograph of the 
multiplex circuit functioning with two input signals. Fig. 8 


Pre teenee 


TOP TRACE: MULTIPLEXED OUTPUT IV/DIV & 
100 sec /DIV 


BOTTOM TRACE: TIME EXPANSION OF SWITCHING 
BETWEEN INPUTS 2V/DIV & 


S psec /OIV 
Fig. 7— Voltage waveforms for circuit of Fig. 6; top trace: 
multiplexed output; lower trace: time expansion of 
switching between inputs. 


TOP TRACE:1V/DIV & l00uzsec/DIV — OUTPUT 

BOTTOM TRACE: VOLTAGE EXPANSION OF OUTPUT 
ImV/DIV & lO0Ousec/DIV ISOLATION 
IS IN EXCESS OF 80 db 


Fig. 8— Voltage waveforms for circuit of Fig. 6; top trace: 
output; lower trace: voltage expansion of output; 
isolation in excess of 80 dB. 


shows an oscilloscope photograph of the output of the 
multiplexer with a 6-V p-p, sine wave signal (22 kHz) applied 
to one amplifier and the input to the other amplifier 
grounded. This photograph demonstrates an isolation of at 
least 80 dB between channels. 


Sample-and-Hold Circuits 

An extension of the multiplex system application is a 
sample-and-hold circuit (Fig. 9), using the strobing character- 
istics of the OTA amplifier bias-current (ABC) terminal as a 
means of control, Fig. 9 shows the basic system using the 
CA3080A as an OTA in a simple voltage-follower configura- 
tion with the phase-compensation capacitor serving the 
additional function of sampled-signal storage. The major con- 
sideration for the use of this method to “hold” charge is that 
neither the charging amplifier nor the signal readout device 
significantly alter the charge stored on the capacitor. The 


CA3080A is a particularly suitable capacitor-charging ampli- 
fier because its output resistance is more than 1000 MQ2 
under cut-off conditions, and the loading on the storage 
capacitor during the hold-mode is minimized. An effective 
solution to the read-out requirement involves the use of an 
RCA 3N138 insulated-gate field-effect transistor (MOS/FET) 
in the feedback loop. This transistor has a maximum 
gate-leakage current of 10 picoamperes; its loading on the 
charge “holding” capacitor is negligible. The open-loop 
voltage-gain of the system (Fig. 9) is approximately 100 dB if 
the MOS/FET is used in the source-follower mode to the 
CA3080A as the input amplifier. The open-loop output 


impedance — of the 3NI38 is approximately 220 2 


because its transconductance is about 4,600 umho at an 
operating current of 5 mA. When the CA3080A drives the 
3N138 (Fig. 9), the closed loop operational-amplifier output 
impedance characteristic 


Zz a Z, (open-loop) 
out ~ A (open-loop voltage-gain) 


~ 2202 _ 2202. 
[00da' = age 


STORAGE AND PHASE 
COMPENSATION 
NETWORK 


SAMPLE OV 
Ue 
HOLD -I5V O 
V7 =-I8V 
Fig. 9— Schematic diagram of OTA in a sample-and-hold 
circuit. 


Fig. 10 shows a “sampled”? triangular signal. The lower 
trace in the photograph is the sampling signal. When this 
signal goes negative, the CA3080A is cutoff and the signal is 
“held” on the storage capacitor, as shown by the plateaus on 
the triangular wave-form. The center trace is a time 
expansion of the top-most transition (in the upper trace) 
with a time scale of 2 usec/div. 


= me 7 ot 
TOP TRACE:SAMPLED SIGNAL IV/OIV & 20usec /OIV 


CENTER TRACE: TOP PORTION OF UPPER SIGNAL 
IV/OIV & 2ysec/OIV 

BOTTOM TRACE: SAMPLING SIGNAL 20V/DIV & 
20 psec /DIV 


Fig. 10— Waveforms for circuit of Fig. 9; top trace: sampled 
signal; center trace: top portion of upper signal; 


lower trace: sampling signal. 
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Once the signal is acquired, variation in the stored-signal 
level during the hold-period is of concern. This variation is 
primarily a function of the cutoff leakage current of the 
CA3080A (a maximum limit of 5 nA), the leakage of the 
storage element, and other extraneous paths. These leakage 
currents may be either “positive or “negative” and, 
consequently, the stored-signal may rise or fall during the 
“hold” interval. The term “tilt” is used to describe this 
condition. Fig. 11 shows the expected pulse “tilt” in 
microvolts as a function of time for various values of the 
compensation/storage capacitor. The horizontal axis shows 
three scales representing leakage currents of 50 nA, 5 7A, 
500 pA. 
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Fig. 11-~ Chart showing “tilt” in sample-and-hold potentials 
as a function of hold time with load capacitance as 
@ parameter. 


Fig. 12 shows a dual-trace photograph of a triangular 
signal being ‘‘sampled-and-held” for approximately 14 ms 
with a 300 pF storage capacitor. The center trace (expanded 
to 20 mV/div) shows the worst-case “tilt” for all the steps 
shown in the upper trace. The total equivalent leakage 
current in this case is only 170 pA (I= ci): 


TOP TRACE’SAMPLED SIGNAL | V/DIV & 20msec/DIV 
CENTER TRACE WORSE CASE TILT 20mV/DIV & 
20msec/DIV 


Fig. 12— Oscilloscope photo of “triangular-voltage’’ being 
sampled by circuit of Fig, 9. 


Fig. 13 is an oscilloscope photograph of a ramp voltage 
being sampled by the “sample-and-hold” circuit of Fig. 9. 
The input signal and sampled-output signal are superimposed. 
The lower trace shows the sampling signal. Data shown in 
Fig. 13 were recorded with supply voltages of +10 V and the 
series input resistor at terminal 5 was 22 kQ. 


TOP TRACE:INPUT AND OUTPUT SUPERIMPOSED 
IV/DIV & 2usec /DIV 
BOTTOM TRACE SAMPLING SIGNAL 20V/DIV & 
2ysec/DIV 


Fig. 13— Oscilloscope photo of “ramp-voltage’’ being 
sampled by circuit of Fig. 9. 
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In Fig. 14, the trace of Fig. 13 has been expanded (100 
mV/div and 100 nsec/div) to show the response of the 
sample-and-hold circuit with respect to the sampling signal. 
After the sampling interval, the amplifier overshoots the 
signal level and settles (within the amplifier offset voltage) in 
approximately | ys. The resistor in series with the 300 pF 
phase-compensation capacitor was adjusted to 68 ohms for 
minimum recovery time. 


TOP TRACE’ INPUT AND SAMPLED OUTPUT SUPER- 
IMPOSED lOO mV/DIV & 100 ns/DIV 
BOTTOM TRACE’ SAMPLING SIGNAL 20V/DIV & 
100 ns/ DIV 


Fig. 14— Oscilloscope photo showing response of sample- 
and-hold circuit (Fig. 9). 


Fig. 15 shows the basic circuit of Fig. 9 implemented 
with an RCA 2N4037 p-n-p transistor to minimize capacitive 
feedthrough. Fig. 16 shows oscilloscope photographs taken 
with the circuit of Fig. 15 operating in the sampling mode at 
supply-voltage of +15 V. The 9.1 kQQ resistor in series with 
the p-n-p transistor emitter establishes amplifier-bias-current 
(IA gc) conditions similar to those used in the circuit of Fig. 


DTL/TTL 


CONTROL 
LOGIC nd 
ay STORAGE AND PHASE 
COMPENSATION 
OV NETWORK 


Vvo=-I5V 


Fig. 15— Schematic diagram of the OTA in a sample-and- 
hold configuration (DTL/TTL control logic). 


Considerations of circuit stability and signal retention 
require the use of the largest possible phase-compensation 
capacitor, compatible with the required slew rate. In most 
systems the capacitor is chosen for the maximum allowable 
“tilt” in the storage mode and the resistor is chosen so that 


TRO 2MHz. corresponding to the first pole in the 
amplifier at an output current level of S500 pA. It is 
frequently desirable to optimize the system response by the 
placement of a small variable resistor in series with the 
capacitor, as is shown in Figs. 9 and 15. The 120 pF 
capacitor shunting the 2 kQ2 resistor improves the amplifier 
transient response. 


TOP TRACE -INPUT AND SAMPLED OUTPUT SUPER- 
IMPOSED 100 mV/DIV & 100 ns DIV 
BOTTOM TRACE SAMPLING SIGNAL 5V/DIV & 
100 ns/Div 


Fig. 16— Oscilloscope photo for circuit of Fig. 15 operating 
in sampling mode. 


540 


Fig. 17 shows a multi-trace oscilloscope photograph of 
input and output signals for the circuit of Fig. 9, operating in 
the linear mode. The lower portion of the photograph shows 
the input signal, and the upper portion shows the output 
signal. The amplifier slew-rate is determined by the output 
current and the capacitive loading: in this case the slew rate 
(dV/dt) = 1.8V/us. 

The center trace in Fig. 17 shows the difference between 
the input and output signals as displayed on a Tektronix 
7A13 differential amplifier at 2 mV/div. The output of the 
amplifier system settles to within 2 mV (the offset voltage 
specification for the CA3080A) of the input level in 1 us 
after slewing. 


Te 


TOP TRACE: OUTPUT 5V/DIV & 2ysec/DIV 

CENTER TRACE ‘DIFFERENTIAL COMPARSION OF 
INPUT ANO OUTPUT 2mvV/DIV— 
O VOLTS THROUGH CENTER — 
2 peec/DIV 

BOTTOM TRACE :INPUT 5V/DIV & 2yu8ec/DIV 


Fig. 17— Oscilloscope photo showing circuit of Fig. 9 
operating in the linear sample-mode. 


Fig. 18 is a curve of slew-rate as a function of 
amplifier-bias-current (Iapc) with various — storage/ 
compensation capacitors. The magnitude of the current being 
supplied to the storage/compensation capacitor is equal to 
the amplifier-bias-current (14 gc) when the OTA is supplying 


its maximum output current. 
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Fig. 18— Slew rate as a function of amplifier-bias-current 
(lagc) with phase-compensation capacitance as a 
parameter. 


Gain Control — Amplitude Modulation 

Effective gain control of a signal may be obtained by 
controlled variation of the amplifier-bias-current (Ia pc) in 
the OTA because its gy, is directly proportional to the 
amplifier-bias-current (Iagc). For a specified value of 
amplifier-bias-current, the output current (I¢Q) is equal to the 
product of g,, and the input signal magnitude. The output 
voltage swing is the product of output current (Ig) and the 
load resistance (R_ ). 


Fig. 19 shows the configuration for this form of basic 
gain control (a modulation system). The output signal 
current (IQ) is equal to -g,, Vx; the sign of the output signal 
is negative because the input signal is applied to the inverting 
input terminal of the OTA. The transconductance of the 
OTA is controlled by adjustment of the amplifier bias 
current, lage. In this circuit the level of the unmodulated 
carrier output is established by a particular amplifier-bias- 


current (la gc) through resistor Rm. Amplitude modulation 
of the carrier frequency occurs because variation of the 
voltage Vm forces a change in the amplifier-bias-current 
(lapc) supplied via resistor Rm. When Vm goes positive the 
bias current increases which causes a corresponding increase 
in the g,, of the OTA. When the Vm goes in the negative 
direction (toward the  amplifier-bias-current terminal 
potential), the amplifier-bias-current decreases, and reduces 
the g,, of the OTA. 


As discussed earlier, gp) = 19.2 x Lage, where gyp is in 
millimhos when I 4 gc is in milliamperes. In this case, TaBc is 
approximately equal to: 


Vm - (V’) 
Rm ~!ABC 
(IQ) =-8m Vx 


Bm Vx = (19.2) da pe) (Vx) 


_-19.2 [Vm - (V*)] Vx 


lo Rm 


Io= 1.2 OW) 19.2 (W) (VM) (Modulation Equation). 


CARRIER 


FREQUENCY Iorgm Vy Ry 
AMPLITUDE - 
MODULATED 
Io OUTPUT 
MODULATING 
FREQUENCY 


Fig. 19— Amplitude modulator circuit using the OTA. 


There are two terms in the modulation equation: the first 
term represents the fixed carrier input, independent of Vm, 
and the second term represents the modulation, which either 
adds to or subtracts from the first term. When Vm is equal to 
the V- term, the output is reduced to zero. 

In the preceding modulation equations the term 


(19.2) (Vx) “ABC 


involving the amplifier-bias-current terminal voltage (Va Bc) 
(see Fig. 4 tor Va pc) was neglected. This term was assumed 
to be small because Va gc is small compared with V- in the 
equation. If the amplifier-bias-current terminal is driven by a 
current-source (such as from the collector of a p-n-p 
transistor), the effect of Vapc variation is eliminated and 
transferred to the involvement of the p-n-p transistor 
base-emitter junction characteristics. Fig. 20 shows a method 
of driving the amplifier-bias-current terminal to effectively 
remove this latter variation. If an n-p-n transistor is added to 


€) AM OUTPUT 


Fig. 20— Amplitude modulator using OTA controlled by 
p-n-p transistor. 


the circuit of Fig. 20 as an emitter-follower to drive the p-n-p 
transistor, variations due to base-emitter characteristics are 
considerably reduced due to the complementary nature of 
the n-p-n base-emitter junctions. Moreover, the temperature 
coefficients of the two base-emitter junctions tend to cancel 
one another, Fig. 21 shows a configuration using one 
transistor in the RCA type CA3018A n-p-n transistor-array as 


+15 
> 
Se 


OTA ™ 
CA3080A 


AM OUTPUT 


-15V0 


100k 


} 


+I5V 


47 kQ 


CA30I8A 


Fig. 21— Amplitude modulator using OTA controlled by 
p-n-p and n-p-n transistors. 


an input emitter-follower, with the three remaining tran- 
sistors of the transistor-array connected as a current-source 
for the emitter — followers. The 100-KQ potentiometer 


shown in these schematics is used to null the effects of 


amplifier input offset voltage. This potentiometer is adjusted 
to set the output voltage symmetrically about zero. Figs. 22a 
and 22b > show oscilloscope photographs of the output 
voltages obtained when the circuit of Fig. 19 is used as a 
modulator for both sinusoidal and triangular modulating 
signals. This method of modulation permits a range 
exceeding 1000:1 in the gain, and thus provides modulation 
of the carrier input in excess of 99%. The photo in Fig. 22c 
shows the excellent isolation achieved in this modulator 
during the ‘“gated-off” condition. 


Four-Quadrant Multipliers 

A single CA3080A_ is especially suited for many 
low-frequency, low-power four-quadrant multiplier applica- 
tions. The basic multiplier circuit of Fig. 23 is particularly 
useful for waveform generation, doubly balanced modula- 
tion, and other signal processing applications, in portable 
equipment, where low-power consumption is essential and 
accuracy requirements are moderate. The multiplier config- 
uration is basically an extension of the previously discussed 
gain-controlled configuration (Fig. 19). 


To obtain a four-quadrant multiplier, the first term of 


the modulation equation (which represents the fixed carrier) 
must be reduced to zero. This term is reduced to zero by the 
placement of a feedback resistor (R) between the output and 
the inverting input terminal of the CA3080A, with the value 
of the feedback resistor (R) equal to I/gp). The output 
current is I¢ = gm (-Vx) because the input is applied to the 


inverting terminal of the OTA. The output current due to the 


. Vx : 
resistor (R) is "R= Hence, the two signals cancel when R = 
1/8m- The current for this configuration is: 


Io= eee BALE and Vm = Vy 

The output signal for these configurations is a “current” 
which is best terminated by a short-circuit. This condition 
can be satisfied by making the load resistance for the 
multiplier output very smail. Alternatively, the output can be 
applied to a current-to-voltage converter shown in Fig. 24. 

In Fig. 23, the current “cancellation” in the resistor R is 
a direct function of the OTA differential amplifier linearity. 
In the following example, the signal excursion is limited to 
+10 mV to preserve this linearity. Greater signal-excursions 
on the input terminal will result in a significant departure 
from linear operation (which may be entirely satisfactory in 
many applications). 


TOP TRACE:MODULATION FREQUENCY INPUT 
= 20 VOLTS P-P & 5Ousec/DIV 
CENTER TRACE AMPLITUDE MODULATE QUTPUT 
5O0Omv/DIV & 50 ysec/DIV 
BOTTOM TRACE .EXPANDED OUTPUT TO SHOW 
DEPTH OF MODULATION 20mV/DiV 
& SOpusec/Div 


TOP TRACE: MODULATION FREQUENCY INPUT 
20 VOLTS & SOpsec/DIV 
BOTTOM TRACE AMPLITUDE MODULATED OUTPUT 
500mvV/DIV & S5Ossec/DIV 


TOP TRACE :GATED OUTPUT IV/DIV AND 50usec /DIVv 
BOTTOM TRACE: VOLTAGE EXPANSION OF ABOVE 
SIGNAL- SHOWING NO RESIOUAL 
ImV/DIV AND 5O0yusec/DIV— AT 
LEAST 80 db OF ISOLATION 
tq =100kHz 


Fig. 22— a) Oscilloscope photo of amplitude modulator 
circuit of Fig. 15 with Rj» = 40kQ, V* = 10v and 
V- = -10 V. Top trace: modulation frequency input 
= 20-V p-p; center trace: amplitude modulated 
output 500-mV/div.; lower trace: expanded output 
to show depth of modulation, 20 mV/div.; b) 
triangular modulation; top trace: modulation fre- 
guency input = 20 V; lower trace: amplitude 
modulated output 500 mV/div.; c) square wave 
modulation, top trace: gated output 7 V/div.; lower 
trace: expanded scale, showing no residual (1 
mV/div) and at least 80 dB of isolation at fq = 100 
kHz. 


R=t/gm 


Iom-K Vy Vy 


Fig. 23— Basic four quadrant analog multiplier using an 
OTA. 
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CA3080A 
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200K 


Fig. 24— OTA analog multiplier driving an op-amp that 
operates as a current-to-voltage converter. 


Fig. 25 shows a schematic diagram of the basic multiplier 
with the adjustments set-up to give the multiplier an 
accuracy of approximately +7 percent “full-scale”. There are 
only three adjustments: 1) one is on the output, to 


OUTPUT 


20k Othe: 


Fig. 25— Schematic diagram of analog multiplier using OTA. 


compensate for slight variations in the current-transfer ratio 
of the current-mirrors (which would otherwise result in a 
symmetrical output about some current level other than 
zero), 2) the adjustment of the 20-kQ22 potentiometer 
establishes the gy, of the system equal to the value of the 
fixed resistor shunting the system when the Y-input is zero; 
3) compensates for error due to input offset voltage. 
Procedure for adjustment of the circuit: 
1. a) Set the 1 MQ output-current balancing poten- 
tiometer to the center of its range 
b) Ground the X- and Y- inputs 
c) Adjust the 100 k&2 potentiometer until a zero-V 
reading is obtained at the output. 


2. a) Ground the Y-input and apply a signal to the X- 
input through a low source-impedance generator. 
(It is essential that a low impedance source be 
used; this minimizes any change in the gm 
balance or zero-point due to the 50-4A Y-input 
bias current). 

b) Adjust the 20-kQ potentiometer in series with 
Y-input until a reading of zero-V is obtained at 
the output. This adjustment establishes the gy, of 
the CA3080A at the proper level to cancel the 
output signal. The output current is diverted 
through the 510-k{2 resistor. 

3. a) Ground the X-input and apply a signal to the 
Y-input through a low source-impedance gener- 
ator. 

b) Adjust the 1-MQQ resistor for an output voltage of 
zero-V. 

There will be some interaction among the adjustments and 
the procedure should be repeated to optimize the circuit 
performance. 


Fig. 26 shows the schematic of an analog multiplier 
circuit with a 2N4037 p-n-p transistor replacing the Y-input 
“current” resistor. The advantage of this system is the higher 
input resistance resulting from the current-gain of the p-n-p 
transistor. The addition of another emitter-follower pre- 
ceding the p-n-p transistor (shown in Fig. 21) will further 
increase the current gain while markedly reducing the effect 
of the Vpe temperature-dependent characteristic and the 
offset voltage of the two base-emitter junctions. 
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~'I5V imo +15V 


IBV AAW +15 
(OOky 


Fig. 26~— Schematic diagram of analog multiplier using OTA 
controlled by a p-n-p transistor. 


500 mV/DIV AND 200 psec/DIV 
TRIANGLAR INPUT 700 Hz TO Vy INPUT 5 VPP 
CARRIER INPUT © 30kHz TO Vy INPUT 13.5 VPP 


SOOmvV/DIV AND 200usec / DIV 
MODULATING FREQUENCY 700 Hz TO Vy INPUT SVPP 
CARRIER INPUT 2 kHz TO Vx INPUT 13.5 VPP 


O VOLTS —» 


O VOLTS —> 


TOP TRACE.INPUT TO X AND Y 2V/DIV AND 
tmsec /DIV — 200Hz 
BOTTOM TRACE: OUTPUT 500mvV/DIV AND 
Imsec/DIV ~- 400 Hz 


O VOLTS —» 


O VOLTS —> 


SAME SCALE AS 27C 


Fig. 27— a) Waveforms observed with OTA analog multiplier 
used as a suppressed carrier generator; b) waveforms 
observed with OTA analog multiplier used in signal- 
squaring circuits. 
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MEDIA 
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DECODER +5V 


Q OR Q 


Fig. 28— Two-channel multiplexer and decoder using OTAs. 


Figs. 27a and 27b show oscilloscope photographs of the 
output signals delivered by the circuit of Fig. 26 which is 
connected as a suppressed-carrier generator. Figs. 27c and 
27d contain photos of the outputs obtained in signal 
“squaring” circuits, i.e. “squaring” sine-wave and triangular- 
wave inputs, 


If +15-V power supplies are used (shown in Fig. 26), 
both inputs can accept +10-V input signals. Adjustment of 
this multiplier circuit is similar to that already described 
above. 


The accuracy and stability of these multipliers are a 
direct function of the power supply-voltage stability because 
the Y-input is referred to the negative supply-voltage. 
Tracking of the positive and negative supply is also important 
because the balance adjustments for both the offset voltage 
and output current are also referenced to these supplies. 

Other forms of four-quadrant multipliers using opera- 
tional transconductance amplifiers have been published. (See 
Ref, 2.) the circuit shown in Ref. 2 tends to reduce the 
effects of the previously discussed g,, temperature depen- 
dency. 


Linear Multiplexer — Decoder 

A simple, but effective system for multiplexing and 
decoding can be assembled with the CA3080 shown in Fig. 
28. Only two channels are shown in this schematic, but the 
number of channels may be extended as desired. Fig. 29 
shows oscilloscope photos taken during operation of the 
multiplexer and decoder. A CA3080 is used as a 10 usec 
delay- “one-shot” multivibrator in the decoder to insure that 
the sample-and-hold circuit can sample only after the input 
signal has settled. Thus, the trailing edge of the “one-shot” 
output-signal is used to sample the input at the sample-and- 


hold circuit for approximately 1 ys. Fig. 30 shows 
oscilloscope photos of -various waveforms observed during 
operation of the multiplexer/decoder circuit. Either the Q or 
Q output from the flip-flop may be used to trigger the 
10 psec ‘“‘one-shot” to decode a signal. 


High-Gain, High-Current Output Stages 

In the previously discussed examples, the OTA has been 
buffered by a single insulated-gate field-effect-transistor 
(MOS/FET) shown in Fig. 9. This configuration yields a 


voltage gain equal to the (gy) (Ro) product of the CA3080, 
which is typically 142,000 (103dB). The output voltage and 
current-swing of the operational amplifier formed by this 
configuration (Fig. 9) are limited by the 3N138 MOS/FET 
performance and its source-terminal load. In the positive 
direction, the MOS/FET may be driven into saturation, the 
source-load resistance and the MOS/FET characteristics 
become the factors limiting the output-voltage swing in the 
negative direction. The available negative-going load current 
may be kept constant by the return of the source-terminal to 


20msec/DIV 


TOP TRACE INPUT SIGNAL (I VOLT/DIV) 
CENTER TRACE RECOVERED OUTPUT (IVOLT/DIV ) 
BOTTOM TRACE-MULTIPLEXED SIGNALS (2 VOLTS/Div) 


as 


3 


ae ee be 


20 msec/DIV 


TOP TRACE INPUT SIGNAL (1VOLT/DIV} 
CENTER TRACE-RECOVERED OUTPUT (IVOLT/DIV) 
BOTTOM TRACE MULTIPLEXED SIGNALS (IVOLT/DIV) 


Fig. 29- Waveforms showing operation of linear 
multiplexer/sample-and-hold decode circuitry (Fig. 
28). 


20 psec/DIV 
TOP TRACE FLIP-FLOP OUTPUT (5 VOLTS/DIV) 
CENTER TRACE "ONE -SHOT" OUTPUT (5 VOLTS/DIV) 
BOTTOM TRACE’ PULSE AT THE COLLECTOR OF 
THE 2N4037 TRANSISTOR 
(O01 VOLTS/DIV) 


SSS SS MANNS BRE 


TOP TRACE. COLLECTOR OF PNP TRANSISTOR 
(O5V/DIV)' 
CENTER TRACE.MULTIPLEXED OUTPUT WITH ONE 
CHANNEL INPUT GROUND (0 5V/DIV) 
LOWER TRACE.DECODED OUTPUT (0 S5V/DiIV) 
TIME ALL SCALES. 5 msec/DIV 


TIME EXPANSION TO SOOmusec/DIV 


Fig. 30— (a) Waveforms showing timing of flip-flop, delay— 
“one-shot” and the strobing pulse to the sample- 
and-hold circuit (Fig. 28): top trace: flip-flop 
output (5 V/div); center trace: “one-shot” output 
(5 V/div); lower trace: pulse at collector of 2N4037 
transistor (0.1 V/div); b) Waveforms showing the 
decoding operation from the decoder keying pulse 
(top traces) to the recovered “decoded” sampled 
output (lower traces). 1) top trace: collector of 
2N4037; center trace: multiplexed output with one 
channel input grounded; lower trace: decoded 
output; 2) Expanded scale of (1). 


a constant-current. transistor. Phase compensation is applied 
at the interface of the CA3080 and the 3N138 MOS/FET 
shown in Fig. 9. 


Another variation of this generic form of amplifier 
utilizes the RCA CD4007A (COS/MOS) “inverter” as an 
amplifier driven by the CA3080. Each of the three 
“inverter” /amplifiers in the CD4007A has a typical voltage 
gain of 30 dB. The gain of a single COS/MOS “‘inverter’’/ 
amplifier coupled with the 100 dB gain of the CA3080 yields 
a total forward-gain of about 130 dB. Use of a two-stage 


COS/MOS amplifier configuration will increase the total 
open-loop gain of the system to about 160 dB 
(100,000,000). Figs. 31 through 34 show examples of these 
configurations. Each COS/MOS “‘inverter’’/amplifier can sink 
or source a current of 6 mA (typ.). In Figs. 33 and 34, two 
COS/MOS ‘“‘inverter”/amplifiers have been connected in 
parallel to provide additional output current. 


The open-loop slew-rate of the circuit in Fig. 31 is 
approximately 65 V/usec. When compensated for the unity- 
gain voltage-follower mode, the slew-rate is about | V/usec 
(shown in Fig. 32). Even when the three “‘inverter’/ 
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Fig. 31— Schematic diagram showing OTA driving COS/MOS 
Inverter/Amplifier (open-loop mode). For greater 
current output the two remaining amplifiers of the 
CD4007A may be connected in parallel with the 
single stage shown. Open-loop gain =. 130 dB. 
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Fig. 34— Schematic diagram showing OTA driving two-stage 
COS/MOS Inverter/Amplifier (unity gain closed- 
loop mode). 


Fig. 32— Schematic diagram showing OTA driving COS/MOS 
Inverter/Amplifier (unity-gain closed-loop mode). 
For greater current output, the two remaining 
amplifiers of the CD4007A may be connected in 
parallel with the single stage shown. 


amplifiers in the CD4007A are connected as shown in Fig. 
33, the open-loop slew-rate remains at 65 V/usec. A slew-rate 
of about | V/ysec is maintained with this circuit connected 
in the unity-gain voltage-follower mode, as shown in Fig. 34. 
Fig. 35 contains oscilloscope photos of input-output wave- 
forms under small-signal and large-signal conditions for the 
circuits of Figs. 32 and 34. These photos illustrate the 
inherent stability of the OTA and COS/MOS circuits 
Operating in concert. 


vt 


INVERTING 
INPUT QM © 


Fig. 33— Schematic diagram showing OTA driving two-stage 
COS/MOS Inverter/Amplifier ( open-loop mode). 
gain = 160 dB. 


Precision Multistable Circuits 

The micropower capabilities of the CA3080, when 
combined with the characteristics of the CD4007A COS/ 
MOS “‘inverter”/amplifiers, are ideally suited for use in 
connection with precision multistable circuits. In the circuits 
of Figs. 31, 32, 33, and 34, for example, power-supply 
current drawn by the COS/MOS “inverter’/amplifier ap- 
proaches zero as the output voltage swings either positive or 
negative, while the CA3080 current-drain remains constant. 


TCP TRACE. INPUT 5SV/DIV -lOOpsec/ DIV 
BOTTOM TRACE OUTPUT SAME SCALE 


(b) 
TOP TRACE INPUT-50mV/DIV - | usec /DIV 
BOTTOM TRACE OUTPUT-SAME SCALE 
(c) 
TOP TRACE INPUT-5V/DIV-100 psec / DIV 
BOTTOM TRACE OUTPUT -SAME SCALE 
(d) 


TOP TRACE INPUT -5O mv/ODIV -lysec/DIV 
BOTTOM TRACE OUTPUT -~SAME SCALE 


Fig. 35— a) Waveforms for circuit of Fig. 32 with large signal 
input; b) Waveforms for circuit of Fig. 32 with 
small signal input; c) Waveforms for circuit of Fig. 
34 with large signal input; d) Waveforms for circuit 
of Fig. 34 with small signal input. 
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Fig. 36 shows a variety of circuits that can be assembled 
using the CA3080 to drive one “inverter” /amplifier in the 
CD4007A. Precise timing and thresholds are assured by the 
stable characteristics of the input differential amplifier in the 
CA3080. Moreover, speed vs. power consumption tradeoffs 
may be made by adjustment of the Iapc current to the 
CA3080. The quiescent power consumption of the circuits 
shown in Fig. 36 is typically 6 mW, but can be made to 
operate in the micropower region by suitable circuit 
modifications. 


1/3 CD4007A 


a) ASTABLE MULTIVIBRATOR 
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c) t THRESHOLD DETECTOR 


Fig. 36— Multistable circuits using the OTA and COS/MOS 
Inverter/Amplifiers: a) astable multivibrator; b) 
monostable multivibrator; c) threshold detector 
(plus or minus). For greater current output, the 
remaining amplifiers in the CD4007A may be 
connected in parallel with the single stage shown. 


Micropower Comparator 

The schematic diagram of a micropower comparator is 
shown in Fig. 37. Quiescent power consumption of this 
circuit is about 10 uW (typ). When the comparator is strobed 
“ON’’, the CA3080A becomes active and consumes 420 uW. 
Under these conditions, the circuit responds to a differential 
input signal in about 8 ysec. By suitably biasing the 
CA3080A, the circuit response time can be decreased to 
about 150 nsec., but the power consumption rises to 21] mW. 

The differential amplifier input common-mode range for 
the circuit of Fig. 37 is -1V to +10.5 V. Voltage of the 
micropower comparator is typically 130 dB. For example, a 
5 wV input signal will toggle the output. 


544 


CO4007A 


STROBE 


Fig. 37— Schematic diagram of micropower comparator 
using the CA3080A and COS/MOS CD4007A. 


APPENDIX | 
CURRENT MIRRORS 


The basic current-mirror, described in the beginning of 
this note, in its rudimentary form, is a transistor with a 
second transistor connected as a diode. Fig. A shows this 
basic configuration of the current-mirror. Q2 is a diode 
connected transistor. Because this diode-connected transistor 
is not in saturation and is ‘‘active’, the “diode” formed by 
this connection may be considered as a transistor with 100% 
feedback. Therefore, the base current still controls the 
collector current as is the case in normal transistor action, 
ie., Ic = B Ip. Tf a current 1; is forced into the 
diode-connected transistor, the base-to-emitter voltage will 
rise until equilibrium is reached and the total current being 
supplied is divided between the collector and base regions. 
Thus, a base-to-emitter voltage is established in Q2 such that 
Q2 “sinks” the applied current f,. 


Qe Qy 


Fig. A— Diode — transistor current source. 


If the base of a second transistor (QL) is connected to the 
base-to-collector junction of Q2, shown in Fig. A, QI will 
also be able to “sink” a current approximately equal to that 
flowing in the collector lead of the diode-connected 
transistor Q2. This assumes that both transistors have 
identical characteristics, a prerequisite established by the IC 
fabrication technique, The difference in current between the 
input current (1) and the collector current (I>) of transistor 
Q, is due to the fact that the base-current for both transistors 
is supplied from 1,. Fig. B shows this current division, using a 
unit of base current (1) to each transistor base. This base 


I, T2 


Fig. B— Diode — transistor current source. Analysis of 


current flow. 


current causes a collector current to flow in direct 
proportion to the 8 of each transistor. The ratio of the 
“sinking” current I4 to the input current 1, is therefore 


J 
equal v= = B/(8+2). Thus, as B increases, the output 
l 


“sinking” current (I>) level approaches that of the input 
current (1;). The curves in Fig. C show this ratio as a 
function of the transistor 6. When the transistor 6 is equal to 
100, for example. the difference between the two currents is 
only two percent. 


__B2+2p 


“Ty, pe+2e+e2 


CURRENT TRANSFER RATIO Io /T, 


| 10 100 1000 
TRANSISTOR BETA 


Fig. C— Current transfer ratio Io/ly as a function of 
transistor beta. 


Fig. D shows a curve-tracer photograph of characteristics 
for the circuit of Figs. A and B. No consideration in this 
discussion is given to the variation of the transistor (Q1) 
collector current as a function of its collector-to-emitter 
voltage. The output resistance characteristic of Q! retains its 
similarity to that of a single transistor operating under similar 
conditions. An improvement in its output resistance char- 
acteristic can be made by the insertion of a diode-connected 
transistor in series with the emitter of Q]. 


SCALE : HORIZONTAL =2V/DIV 
VERTICAL =1mA/D0IV 
STEPS = ImA/STEP 


Fig. D— Photo showing results of Figs. A & B. 


This diode-connected transistor (Q3 in Fig. E) may be 
considered as a current-sampling diode that senses the 
emitter-current of QI and adjusts the base current QI (via 
Q2) to maintain a constant-current in ly. Because all 
controlling transistors are operated at relatively fixed 
voltages, the previously discussed effects due to voltage 
coefficients do not exist. The curve-tracer photograph of Fig. 
F shows the improved output resistance characteristics of the 
circuit of Fig. E. (Compare Fig. D and F). 


qT, To 
a 
Q2 Qs 


Fig. E~ Diode — 2 transistor current source. 


SCALE ‘HORIZONTAL = 2 V/DIV 
VERTICAL = tmA/DIV 
STEPS =ImA/DIV 


Fig. F— Photo showing results of Fig. E. 


Fig. G shows the current-division within the “mirror” 
assuming a “unit” (1) of current in transistors (Q2 and Q3. 


+22 


_ p2t28 
The resulting current-transfer ratio Iy/I; = Bos 5B +2 Fig. C 


shows this equation plotted as a function of beta. It is 
significant that the current transfer ratio (19/1) is improved 
by the 2 term, and reduces the significance of the 2 B + 2 
term in the denominator. 


Fig. G— Current flow analysis of Fig. E. 
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The Operational Transconductance Amplifier (OTA) is a 
unique device with characteristics particularly suited to 
applications in multiplexing, amplitude modulation, analog 
multiplications, gain control, switching circuitry, multivibra- 
tors, comparators, and a broad spectrum of micropower 
circuitry. The CA3080 is ideal for use in conjunction with 
COS/MOS (Complementary-Symmetry MOS) IC’s being 
operated in the linear mode. 
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Application of the CA3134G 
Sound IF and Output Subsystem in 


Television Receivers 
by George M. Harayda 


In the CA3134, the sound if and 
audio output subsystems for color or 
black-and-white television receivers 
are combined in a single monolithic 
integrated circuit.’ As shown in the 
block diagram, Fig. 1, the CA3134 in- 
cludes a multistage if amplifier-lim- 
iter, an fm detector, an electronic at- 
tenuator, and an audio power ampli- 
fier. The power amplifier is designed 
to drive, primarily, an 8-, 16-, or 
32-ohm speaker, although, if the de- 
signer chooses, it may be used to 
drive 4- or 10-ohm or other sized 


loads. The amplifier has a typical 
power output of 5 watts with a 
16-ohm load and a V+ of 30 volts. 
The consolidation of the functions 
mentioned into an integrated circuit 
minimizes the number of compo- 
nents and reduces the area of the 
printed circuit board necessary for 
this portion of a television receiver. 
This consolidation also permits a 
reduction in manufacturers’ compo- 
nent inventories and simplifies field 
servicing. 


The incorporation of additional 
features in the CA3134 results in an 
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improvement in performance when 
the circuit is compared to a system in 
which a type such as the CA3065 is 
used with a discrete or integrated- 
circuit power amplifier. These addi- 
tional features include a volume con- 
trol with an improved taper, a provi- 
sion for the optional use of an unat- 
tenuated audio output (fixed level 
unaffected by volume control posi- 
tion) (terminal 8), an additional 
power-supply-ripple bypass point (ter- 
minal 6), and a power amplifier with 
both current limiting and thermal- 
sensing shutdown protection. 


Installation Considerations 


The CA3134 employs the hermetic 
Gold-CHIP (G suffix) system, which is 
of the sealed-junction type designed 
to provide protection against humid- 
ity and other surface contaminants 
without a hermetic package en- 
closure. The semiconductor junc- 
tions are sealed by a silicon-nitride 
passivation layer. A multilayered, 
highly corrosion-resistant, terminal- 
connection system of special design 
is employed as the chip metalization. 
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Fig. 1 - Block diagram of CA3134 in typical circuit application. 
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The CA3134G is encapsulated in a 
16-lead plastic ‘‘power stud’”’ 
package. This package has low ther- 
mal resistance, and the number of in- 
put and output terminals has not 
been compromised to make allow- 
ance for heat-sinking tabs. The 
“power stud” package lends itself to 
a wide variety of heat-sink methods 
depending on the application re- 
quirements. The CA3134GM and 
CA3134GQM are similar to the 
CA3134G except that they incor- 
porate a tin-plated copper-strap heat 
sink. The CA3134GQM also has quad- 
formed leads. 


The CA3134G is designed for ap- 
plications in which it is desired to 
employ other than the standard heat- 
sinked configurations. Heat sinks 
similar to the type provided with 
the CA3134GM or GQM may also be 
attached to the CA3134G.? 


Circuit Description 


The CA3134 is designed primarily 
for use with either a single- or double- 


tuned sound take-off transformer 
(balanced input) to couple the sound 
if frequency (4.5 MHz) output from the 
video detector stage to the CA3134. 
This transformer serves both for im- 
pedance matching and as a band- 
width-limiting network to help reject 
unwanted frequencies such as inter- 
modulation frequency products. 
Other undesired signals includ 
residual am video information anc 
sync information. Fig. 4 shows the 
overall circuit diagram for the 
CA3134. 


Sound IF Amplifier-Limiter 


The sound if stage amplifies the in- 
put signal until clipping eliminates 
am video and sync signals. In a 
typical TV system, the signal level 
available to the sound if amplifier- 
limiter is 35 mV rms. At this signal 
level, the input impedance compo- 
nents at terminals 14 and 15 of the 
CA3134 consist of a resistance, Rp, 
of approximately 25 kilohms in paral- 
lel with a capacitance, Cp, of approxi- 
mately 3 pF. The sound if amplifier 


provides enough gain to bring the in- 
put signal level to an amplitude suit- 
able for fm detection, but not so high 
as to cause PC layout or coupling 
problems, Fig. 2. 


VOLTAGE GAIN (Vg) — 48 


2 4 68 2 4 6 6 2 4 6 8 


j 


Fig. 2 - Voltage gain of if amplifier as a function 


of frequency. 


As shown in Fig. 4, the if amplifier 
consists of four stages of differential 
amplifiers, Q15-Q16, Q19-Q20, Q23- 
Q24, and Q27-Q28, using resistors 
R13, R16, R19, and R24 as constant- 


current sinks; each stage is tollowed 
by emitter followers, Q17, Q21, and 
Q25. Because the differential am- 
plifier functions as a limiter, am 
signals are eliminated and the signal 
into Q30 consists of constant-am- 
plitude, frequency-modulated square 
waves. These square waves are 
shaped into approximate sine waves 
by Q30 and its associated RC net- 
works to assure proper operation of 
the fm detector. The signal. output 
from R31 into the base of Q41 and to 
terminal 10 is a constant-amplitude 
fm sine wave. 


FM Detector 


The fm sine wave at terminal 10 
constitutes the input signal to the dif- 
ferential peak detector stage. The ex- 
tracted signal contains the audio in- 


formation. The detector section is 
formed by the differential amplifier 
configuration comprising transistors 
Q31, Q32, Q35, Q36, Q40, and Q41. 
Transistors Q31 and Q41 are emitter 
followers that operate at approx- 
imately 0.3 mA and provide high 
impedance at each input of the 
detector (terminals 10 and 11). Tran- 
sistors Q32 and Q40, which operate 
at approximately. 10 microamperes, 
along with the 15-picofarad capaci- 
tors C3 and C4 and the external fre- 
quency-sensitive network on_ ter- 


minals 10 and 11, perform peak or en- 
velope detection. As shown in Fig. 1, 
this frequency-sensitive network con- 
sists of a parallel LC network in 
series with a 6.8-pF capacitor. The 
signal voltage (from Q30) is applied 
across the entire network connected to 
terminal 10. The portion of the signal 
from Q30 that is across the external 


6.8-pF capacitor is applied to terminal 
11, and the resulting difference in these 
signals provides the basic S curve used 
in the recovery of the audio signal from 
the fm signal. 


An advantage of the differential 
peak detector is that it requires the 
alignment of only one single-tuned 
coil. This coil (L in Fig. 1) can be 
aligned by any one of the following 
methods (with an input terminated in 


50 ohms, fo = 4.5 MHz, fm = 400 Hz, 
Af = + 25 kHz, and a voltage at ter- 
minal 15 (V45) ~ 100 mV rms): 


1. Tune L for maximum recovered 
audio. To minimize thermal ef- 
fects on alignment, the volume 
control should be adjusted so 
that the maximum recovered 
audio level at the load is 
limited to a low power level 
(approximately 0.1 watt or 
less). 


2. Tune L for maximum recovered 
audio and fine tune _ for 
minimum distortion. 


3. With no rf input signal, note 
the dc voltage at terminal 9. 
Then apply a 4.5-MHz cw 
signal and adjust the detector 
coil L until the dc voltage at 
terminal 9 is the same as the 
value noted. 


After aligning the differential peak 
detector coil, align the input trans- 
former by reducing the fm input 
signal level until the recovered audio 
level drops approximately 3 dB. Then 


tune the input transformer for a max- 


imum recovered audio level while the 
input level of the if amplifier-limiter is 
below its limiting point. Fig. 3shows 
the recovered audio, am rejection, 
and_ signal-to-noise ratio for the 
CA3134 as a function of rf input level. 


Volume Control and 
Electronic Attenuator 


Control of the audio. signal 
detected by the differential peak 
detector is accomplished by differen- 
tial amplifiers Q33-Q34 and Q38-Q39. 


ICAN-6728 


REFERENCED TO RECOVERED AUDIOAT TERM. 9 
VOLTAGE CONTROL AT MAX. ,fg#4.5 MHz ,fm=400Hz 
Sf =£25 kHz 
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Fig. 3 - Recovered audio and signal-to-noise ratio 


as functions of rf input level. 


‘The volume is controlled when the 
bias levels of the differential ampli- 
fiers are changed by a current flow- 
ing through an external fixed resistor 
between terminals 12 and 16. The 
amount of current flowing through 
this external resistor (which deter- 
mines the level of recovered audio) is 
controlled by the position of the 
variable resistance (volume control) 
relative to ground. The voltage refer- 
ence at terminal 16 is established by 
internal zener diode Z2, approxi- 
mately 6 volts. The maximum level of 
recovered audio, therefore, occurs 
when no currents’ other than the 
base currents for Q34 and Q39 are 
being drawn from the zener diode 
through the external resistor. When 
the volume control is adjusted for the 
minimum level of recovered audio, 
the current drawn from terminal 16 
should be limited to less than 1 
milliampere. 


This method of controlling the re- 
covered audio has a very predictable 
volume-control taper, which can be 
modified to suit the designer’s prefer- 
ence by changing the external com- 
ponent values. In addition, it allows 
for either a one- or two-wire volume 
control. The one-wire volume control 
(Fig. 4, alternate volume-control cir- 
cuit) requires only one wire from the 
printed circuit board to the external 
volume control, but requires that 
the value of the variable resistor be 
large (approximately 500 kilohms) 
and that the resistor have an audio 
taper to assure an acceptable 
change of audio output level with a 
linear change (rotation) of the 
volume-control. The two-wire volume 
control ailows the use of a volume 
control having a lower value of 
resistance and a linear taper. 
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The output impedance of the elec- 
tronic attenuator (terminal 9) is 
typically 7.5 kilohms (R5 + R6). Atone 
control may be inserted between the 
output of the electronic attenuator 
and the input of the audio power 
amplifier (terminal 7). 


Unattenuated Audio Output 


The operation of Q38 and Q39 is 
duplicated by Q33 and Q34 as the vol- 
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Fig. 4 - Schematic diagram of CA3134. 


ume control is varied. The currents 
from Q33 and Q34 are combined by 
the current-mirror configuration pro- 
duced by D5, Q5, Q6, and Q8, Q12. 
When an external resistor is placed 
between terminal 8 and ground, the 
current from this current-mirror con- 
figuration produces a _ recovered 
audio voltage at a fixed level indepen- 
dent of volume-control position. This 
output may be used to mute the 
sound in the event the broadcasting 


zr 


oz 
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station loses its sound carrier or 
broadcast signal or to allow for the 
direct recording of the audio portion 
of a program. 


Audio Power Amplifier 


The audio power amplifier is a 
quasi-complementary class AB type 
with a typical voltage gain of 35dB. 
internal feedback eliminates the 
need for external feedback compo- 


nents, especially costly electrolytic 
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Fig. 4 — Schematic diagram of CA3134. 


Q73. The limiting drive is determined ceeds 150°C, the thermal-sensing 


capacitors. The input impedance (at 
terminal 7) is typically 100 kilohms 
(R59). Fig. 5 shows the frequency 
response of the audio power ampli- 
fier and Fig. 6 its efficiency. Both cur- 
rent limiting and thermal shutdown 
protection are provided. Current 
limiting is accomplished by limiting 
the drive to the output transistors 
from the driver transistors Q72 and 


by the feedback from R53, R54, and 
Q69 to O72, and R55, R56, and Q71 to 
Q73. When the peak output current 
exceeds approximately 0.8 ampere, 
the voltage developed across the 
emitters of Q72 and Q73 will cause 
Q69 and Q71, respectively, to con- 
duct, thereby limiting the drive to the 
output transistors Q74, Q75. 


When the chip temperature ex- 


portion of the CA3134 begins to shut 
down the power amplifier by remov- 
ing the bias from the power amplifier 
driver stages. The temperature at 
which the thermal shutdown circuitry 
is activated is determined by the 
relative areas of D9, Q66, and D18 
and those of Q49, D11, D12, and D13. 
When Q49 conducts, transistors Q79, 
Q68, and Q76 are in turn biased into 
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conduction and remove bias from the 
amplifier driver stages. Because the 
drive is not removed symmetrically, 
the signal is distorted and gives an 
indication that the unit is in a fault 
condition. 
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Fig. 5 - Voltage gain of audio power amplifier 
as a function of frequency. 


EFFICIENCY (»)— PERCENT 
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Fig. 6 - Efficiency of audio power amplifier as 
a function of output power. 


Application 


For the required power output from 
the CA3134 (Fig. 7), the speaker im- 
pedance must be such that its cur- 
rent drain will be both within the 
capability of the power supply and 
less than the current-limiting level of 
the CA3134. To decouple the CA3134 
from the power supply and provide a 
means for preventing excessive drive 
to the speaker, a series resistor 


should be placed between the power 
supply and terminal 1. The value of 
this resistor depends upon the re- 
quired power output level for the 
worst-case power supply voltage 
condition. This resistor also reduces 
the amount of power dissipated in 
the CA3134. 
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Fig. 7 - Total supply current as a function of 
output power. 


The maximum power dissipation 
(Figs. 8, 9, 10, and 11) together with 
the anticipated maximum ambient 
temperature (Fig. 12) determines the 
required junction-to-ambient thermal 
resistance necessary to assure that 
the maximum chip temperature is 
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Fig. 8- Maximum output power as a function 
of effective load resistance. 


z 
+ 
a 
tH 
Tose 3 
3323 : tH 
rst H 4 
ee 4 tH S 
: om 
oor oot +4 
thee Ks 
4 4 +4 a 


p)— WATTS 


& 
z 
2 
- 
<a 
a 
77) 
2 
a 
a 
3 
o 
a. 


HE AMBIENT TEMPERATURE (Ta )*25°C 
HE Lomb RESISTANCE (RL) 82 


POWER OUTPUT (PQ) WATTS 92CS-31103 


Fig. 9 - Power dissipation as a function of 
output power at Ry = 8 ohms. 
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lower than the rated junction temper- 
ature of 150°C. The overall thermal 
resistance can be lowered by careful 
PC board layout. As much of the cop- 


per area as possible should be ex- 
posed, and coil shields (input trans- 
former and detector tuned circuit) 
should be used to help radiate heat. 
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Fig. 10 - Power dissipation as a function of 
output power at Ry = 16 ohms. 
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Fig. 11 - Power dissipation as a function of 
output power at Ry = 32 ohms. 
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Fig. 12 - Maximum power dissipation as a 
function of ambient temperature. 


Acknowledgment 


The author is indebted to both Jack 
Craft for many helpful discussions 
and Wayne Austin for his sugges- 
tions in the preparation of this Note. 
The contributions of H. Chinery in the 
electrical characterization of the 
CA3134 and Ralph Thompson in the 
mechanical characterization of the 
stud package are acknowledged. 


References 


1. 


RCA Solid State Data Sheet for 
CA3134 types, “TV Sound IF 


and Audio Output Systems,” 
File No. 1097. 


. Method of attaching heat sinks 


similar to the type provided 
with the CA3134GM or GQM to 
the CA3134G. First apply a 
non-conductive epoxy (Uniset 
structural adhesive or equiva- 
lent) to the top side of the plas- 
tic package. Then apply a con- 
ductive epoxy (Dupont 5504A 
or equivalent) in the hole of the 
heat sink and around the stud 
projecting from the plastic 
package. To assure good ther- 
mal conduction, use sufficient 
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conductive epoxy to allow the 
excess to be forced through 
the hole when the heat sink is 
fitted over the stud. Stress ap- 
plied to the stud should be 
limited to less than 3 in-lbs 
(approximately 0.35 newton- 
meter), 15 Ibs (approximately 
65 newtons) of tension, and 
100 Ibs (approximately 445 
newtons) of compression. 


551 


ICAN-6732 


Measurement of Burst (“Popcorn”) 
Noise in Linear Integrated Circuits 


by T. J. Robe 


The advent in recent years of very high-gain operational 
amplifiers operating in the l/f noise-frequency spectrum has 
placed emphasis on the need for very low-noise devices. This 
need is particularly true for operational amplifiers which 
have either low-offset characteristics and/or offset-null 
capability. 

The traditional methods used to select such devices 
involve the measurement of either spot or wideband (~ 10 
kHz) noise figures in the l/f frequency range (10 Hz to 10 
kHz) at various source resistances. This type of measurement, 
however, only provides an indication of the average noise 
power at the measurement frequency and does not reveal the 
burst (‘popcorn’) noise characteristics of the Device Under 
Test (DUT). The metering circuits cannot respond fast 
enough to measure the effects of burst-noise. Fig. 1a shows a 
photograph of typical burst-noise as a function of time for an 
operational amplifier having poor burst-noise characteristics. 
This photo illustrates burst-noise which is characterized by 
random abrupt output voltage-level changes that persist for 
periods from approximately 1/2 millisecond to several 
seconds. Additionally, the random rate at which the bursts 
occur ranges from approximately several hundred per second 
to less than one per minute. Furthermore, these rates are not 
necessarily repetitive and predictable. Consequently, the 


nature of burst-noise prevents its measurement by means of 


the standard averaging techniques. Instead, a technique to 
detect individual bursts must be used and a DUT must be 
under observation for a period in the order of 10 seconds to 
one minute. Fig. 1b shows a photo of the output of a 
virtually burst noise-free operational amplifier, the 
RCA-CA6741T. 


Test Configuration 
Some of the major questions relevant to the type of test 
required are: 


1. What characteristics of the burst-noise should be 
detected? 

2. What test-circuit configuration is most suitable to detect 
these characteristics? 
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Fig. 1— (a) Photo of output waveforms for amplifier with 
poor burst-noise characteristics; (b) photo of output 
waveform for the RCA-CA6741T, 


3. What are the ‘Pass-Fail’ criteria? 


There are three major characteristics of the noise burst 
which have an impact on the suitability of a device from the 
standpoint of applications: burst amplitude, duration, and 
rate of occurrence. Of these, burst-amplitude and rate of 
occurrence are of primary interest to potential users of a 
particular device. Long duration bursts (of sufficient ampli- 
tude) seriously degrade the performance of dc amplifiers; 
however, suitable devices could be selected by the rejection 
of any unit which produced even one burst during some 
prescribed test period. Therefore, an absolute measurement 
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of burst duration is not a prime necessity. 

The rate of occurrence, on the other hand, as measured 
by the burst-count in a given test period could conceivably 
be considered as a variable of prime importance in the 
selection process. For instance, a burst-rate of 100 per 
second is clearly objectionable in almost any low-level 
low-frequency application, whereas the occurrence of only 
one low-amplitude burst in a one-minute period might be 
quite acceptable. Consequently, it is desirable to include 
flexibility in the testing system so that “Pass-Fail” criteria 
can be established on the basis of burst-noise count in some 
prescribed period of time. The test equipment described 
herein detects total noise (I/f noise plus burst noise) bursts 
with amplitudes above a preset threshold level during a given 
test period and allows acceptance or rejection on the basis of 
the number of noise voltage excursions beyond the threshold 
level, in the selected test period. 

Another factor to be considered is the bandwidth of the 
test system. Excessive bandwidth allows the normal ‘“‘white” 
noise of the terminating resistors and the DUT to obscure 
burst-noise occurrences and does not realistically simulate 
the low-frequency applications in which burst-noise is 
particularly objectionable. On the other hand, a test circuit 
having excessively narrow bandwidth prevents detection of 
the shorter-duration bursts (~ 1/2 ms) even if their 
amplitude is relatively high. A suitable compromise is chosen 
in which the system rise time permits a burst of “minimum” 
duration to reach essentially its full amplitude. Because the 
rise time and bandwidth of an amplifier are related by the 
equation: 


the minimum bandwidth to detect a 0.5 ms burst is 
approximately: 


Ww ab 0.8 kH 
Si ee ae AS Z. 
min (0.5) (10) 


Consequently, a 1 kHz bandwidth has been selected as a 
reasonable one for a burst-noise test system and, therefore, 
prescribes the need for a low-pass filter in the system. 

The test requirements outlined above can be imple- 
mented with the following circuit elements shown in the 
block diagram of Fig. 2a. Fig. 2b shows the complete system 
schematic: 


1. A fixed high-gain amplifier incorporating the DUT as the 
first stage to amplify the microvolt-level burst to an 
easily detectable level (this should be a burst noise-free 
unit); 

2. A low-pass filter to limit the test bandwidth to 
approximately 1 kHz, 

3. A comparator to produce a fast-rise high-level single- 
polarity output pulse whenever an input burst-noise 
pulse (of either polarity) exceeds a preset (but adjust- 
able) threshold level; 

4. A counter to tally the number of pulses emanating from 
the comparator during the test period: a single decade 
counter is adequate. 

5. A latch circuit which trips to the “latched” state when 
the count exceeds a preselected number (e.g. | to n). The 
latch circuit, if tripped, energizes an indicator lamp. 

6. A timer to control the period over which the counter is 
enabled. It should incorporate the capability to reset 
both the counter and the latch circuit at the beginning of 
each test period. 

7. Power supplies for the DUT and other auxiliary circuits. 


Test Conditions 

Some of the conditions which affect the burst-noise 
performance of the DUT include bias-level, source resistance 
(Rs), and ambient temperature (T ,). 

The quiescent operating conditions in operational 
amplifiers are normally set by the magnitude of the positive 
and negative supplies. Many of the newer Op-Amp types, 
however, have bias-terminals into which fixed currents can be 
injected to set their performance characteristics. The 
RCA-CA3060, CA3080, and CA3080A Operational Trans- 
conductance Amplifiers (OTA’s) and; the RCA-CA3078 and 
CA3078A Micropower Op-Amps are examples of such 
devices. For best low-frequency and burst-noise performance, 
these amplifiers should be operated at the lowest bias 
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Fig. 2a— Block diagram of burst-noise test set-up. 
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currents consistent with the gain-bandwidth requirements of 
the particular application. 

In the test for burst noise, the source resistance (Rs) seen 
by the input terminals of the DUT, is a key test parameter. 
Burst noise causes effects which are equivalent to a spurious 
current-source at the device input and, therefore, burst-noise 
current generates an equivalent input noise-voltage in 
proportion to the magnitude of the source resistance through 
which it flows. Accordingly, to increase the sensitivity of the 
test system, it is desirable to use the highest source resistance 
consistent with the input offset-current of the DUT. For 
example, an Op-Amp which has 0.1 yA input offset current 
could realistically be tested with source-resistance in the 
order of 100KQ (10 mV input offset), whereas a | MQ 
source-resistance (100 mV input offset) could cause excessive 
offset in the output. For 741 type Op-Amps a 100kQ2 
resistance is recommended. 

Burst-noise generation in amplifiers is usually more 
pronounced at lower temperatures (particularly below 0°C). 
Consequently, consideration must be given to the tempera- 
ture of the DUT in relation to the temperature range under 
which the device is expected to perform in a particular 
operation. 

A test parameter of importance is the time duration of 
observation. Because the frequency of burst-noise occurrence 
is frequently less than once every few seconds, the minimum 
test period should be in the range of from 15 to 30 seconds. 


Pass-Fail Criteria 

A test system built to accommodate the test philosophy 
outlined above has the ability to reject or pass a DUT on the 
basis of two variables: burst-amplitude and the frequency of 
burst occurrence. The burst-amplitude which will trip the 
counter can be no lower than the background I/f noise peaks 
of burst-free units, otherwise normal background noise will 
fail the DUT. 
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Fig. 2b— Complete schematic diagram for burst noise test-set. 


The background noise peaks depend on the source 
termination Rs, the wide band 1/f noise figure of the DUT, 
and the test system bandwidth. A good estimate of the 
normal background noise-peak levels can be computed from 
the definition of noise factor and an empirically determined 
noise-crest factor of approximately 6:1. The crest-factor is 
the ratio of the maximum peak-noise voltage to the RMS 
noise voltage. The noise factor is defined as the ratio of the 
total noise power at the amplifier output to the output-noise 
power due to the source resistors alone. In terms of the RMS 
noise voltages at the input terminals of the amplifier this is 
equivalent to: 


EZinput noise total (ENTi)~ 
Noise Factor (F) ——s—o—' = Sey ae (1) 
E2noise source resist (ENRS) 
ENT; is the total input noise-voltage, i.e., the sum of noise 


generated in the source termination resistance and noise 
generated by the DUT. 


ENRs is that part of Exyyj due to Rs alone. 


Therefore, Enq; = (VF) (Enps)- (2) 


ENRs can be computed by using the well known expression 
for “white-noise” generated across the terminals of a resistor 


(R): 


ENR(RMS) = /4kTBR (3) 


where k = Boltzmans Constant = 1.372 x 107?? j/°K 


T = Absolute Temperature in °K 
B = Noise Bandwidth in Hz 
R = Value of the resistor in ohms. 


NOTES: Q; —Qg -RCA- CA3083 
ALL RESISTORS IN OHMS 
ALL CAPACITORS IN MICROFARADS 
UNLESS OTHERWISE NOTED 


Thus, at a room temperature of 290°K 


ENR(RMS) = 1.28 x 10°10 VBR 


For example, a 100 kQ2 resistor preceding a system with a 
bandwidth of 1 kHz will generate a noise-voltage of 


(1.28x10710) (103-105) =1.28 uVRMs 


Both inputs of an Op-Amp are usually terminated in Rs, 
hence it is necessary to combine the effects of both resistors 
to determine the cffective Ey, at the input of the DUT. 
Because the noise voltages from these two resistors are 
uncorrelated their voltages must be added vectorally rather 
than algebraically. 


(4) 


ENRs (effective) = V(ENR, 1” + (ENR,»)2 
because ENR, = ENR,»: when Rg = Rg 
ENRs (effective = 4/2) (ERs) 
and for 1 kHz bandwidth at 290°K 
ENRs (effective) = (\/2) (1.28 #V) = 1.81 uVRMs. 
If in this example, the DUT has a wideband 1/f noise figure of 


4 dB (2.5:1 power ratio) the total RMS background 
noise-voltage at the input will be 


Enti= (/F) (Enps) (from eq.(2)) 
= (/2:5) (1.81) = 2.9 uVRms 
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Fig. 3— Schematic diagram of high-gain amplifier/filter. 


If a crest factor of 6:1 is assumed, the peaks of the 
background noise will be approximately (6) (2.9) = 17 uV 
peak. This voltage is the lower limit of the burst-amplitude 
rejection level. A reasonable threshold for burst detection 
and rejection might be 50-100% greater than this minimum 
value. | 

An alternate method used to set the burst-threshold limit 
involves a direct measurement (at the output of the high gain 
amplifier-filter combination) using a storage oscilloscope or a 
“true RMS” voltmeter. By this method the noise peak or 
RMS noise voltage of burst-free units is determined, This 
measurement provides a good practical check on the 
accuracy of the computation outlined above. Selection of the 
acceptable number of burst counts in the test period is 
arbitrary, but dependent on the type of application intended 
for the DUT. To be acceptable in some critical applications, 
the DUT may not generate even a single burst-pulse in a 
relatively long period of time. 


Burst-Noise Test System Circuits 
1. High gain Amplifier — Filter 


Fig. 3 shows the schematic diagram of the high-gain 
amplifier-filter which provides a fixed gain of 80 dB with a 
12 dB octave roll-off above 1 kHz. The gain-function is 
somewhat arbitrarily distributed between the DUT and 
post-amplifier:; 30dB and 50 dB respectively. This distri- 
bution is based on the need for sufficient gain in the DUT 
portion to eliminate significant noise-signal contributions 
from the second stage while simultaneously allowing ade- 
quate loop-gain in each stage to provide accurate gain-setting 
with precise external resistors. The first stage is shown as a 
plug-in module so that any type of DUT configuration having 
30 dB gain can be tested. 

The capacitive coupling employed provides a low 
frequency cutoff of about 1 Hz and eliminates the need for 
dc-offset zero-adjustments. The dc offset-voltage at the filter 
output is less than 5 mV which corresponds to less than 
0.5 uV error when referred to the noise input (an 80 dB gain 
is assumed.) Several seconds must be allowed, however, for 
the DC operating point to stabilize after the power is applied 
to the DUT. 


2. Bi-Polarity Comparator 


Fig. 4 shows the schematic diagram for the threshold- 
detecting comparator. Because bursts of either polarity must 
be detected and converted to positive output pulses, two 
comparators are required: one having a positive-threshold 
reference and the other having a negative-threshold reference 
of equal magnitude. The RCA CA3060 triple OTA is 
convenient to use because a single package provides circuits 


for both comparators plus a reference inverter for the 
negative threshold reference. The positive feedback provided 
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by the Rr and Rj connections produces a hysteresis effect 
with reference to the input switching threshold, (i.e., the 
comparator does not return to its quiescent state until the 
input noise signal drops well below the initial threshold 
trip-level). This feature is necessary to prevent multiple 
triggering by the background noise signals superimposed on 
top of the burst-noise pulse. By this means, multiple 
counting of a single burst-noise pulse is avoided. 

The magnitude of the threshold reference voltage Ep 
determines the burst-level which trips the comparator. If a 
voltage gain of 80 dB is provided by the amplifiers, a 200 mV 
reference voltage will enable the circuit to be triggered when 
a burst-noise pulse (whose amplitude is equivalent to the 
level of 20 uV referred to the DUT input) is present. 


3. Counter-Latch-Timer Control Circuits 


The remaining circuits of the go-no-go burst-noise tester 
are shown in Fig. 5. The decade-counter is incorporated in a 
single COS/MOS IC (RCA CD4017AE) which has clock, 
reset, and enable inputs, and an output terminal for each of 
ten count-positions (0 to 9). A carry-out signal is available if 
the use of more than a single decade is desired. The clock 
input-signal must be positive-going and have a magnitude of 
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at least 70% of the supply-voltage and rise-time equal to or 
less than 15 us. The comparator shown in Fig. 4 provides an 
output signal which meets these requirements. 

Selection of the reject count is made by a pin-jack 
connection of the latch-circuit input-lead to the appropriate 
output terminal of the counter. Whenever the selected 
count-position voltage goes “high” the latch-circuit is 
switched to the latched-state, and the fail-indicator lamp 
“on”. The latch and lamp will remain “on” until the reset 
button of the electronic timer is switched to the “Timer On” 
position. This action provides a momentary reset signal (~ 
20 ms) to both the latch and counter circuits and places a 
continuous enable voltage on the counter for the duration of 
the test period. 


Spurious Noise Sources and Their Suppression 

The very low voltage levels and the high source 
impedances normally used for burst testing render the system 
highly susceptable to external spurious noise sources. This 
problem is particularly serious if a test unit is going to be 
rejected for as little as one or two input burst-noise pulses 
exceeding 20-30 wV. The major sources of spurious noise 
encountered in the development of this test system were: 


1. 60-Hz hum pickup, 


2. power supply transients, 
3. electromagnetic pick up of switching transients. 


60-Hz hum is introduced by capacitive or inductive cou- 
pling or as power-supply ripple. Power-supply ripple is not 
normally a problem when testing operational amplifiers 
with regulated supplies, because the Op Amps generally have 
good power-supply rejection. This source of noise must be 
considered, however, when testing devices that do not have 
good inherent power-supply rejection. Capacitive or induc- 
tive coupling of hum can occur when 60-Hz line cord leads 
are within a few inches of the input terminals of the DUT. 
Precautions, such as proper lead dress and twisting of the 
60-Hz leads, eliminate this problem. 

Power-supply transients, as distinguished from power- 
supply ripple, can be of sufficient amplitude to introduce 
detectable noise pulses at the operational amplifier input. 
Such transients are produced when other equipment on the 
same ac line is switched on or off. A typical power-supply 
rejection ratio for an operational amplifier is 50 uV/V (i.e. a 
1 volt transient on the power-supply is equivalent to a 50 nV 
noise pulse at the DUT input). This example demonstrates 
that the test system cannot tolerate power-supply transients 
greater than approximately 100 mV even when testing units 
with good power-supply rejection. Unless the power-supply is 
known to be free of such transients, a battery-operated 
system is recommended. Even when this system is battery- 
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Fig. 4— Schematic diagram of threshold-detecting comparator. 


operated, “On-Off” switching of nearby equipment intro- 
duces detectable transients into the system. These problems 
are eliminated by placing the test circuitry in a completely 
shielded enclosure with a hinged top for easy access to the 
test unit. The external noise problem is best solved by use of 
a shielded enclosure and by use of a battery-operated 
power-supply contained within the enclosure. Fig. 6 shows a 
photo of the circuit board layouts of the test unit. 
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Fig. 6— Photo of circuit-board layout. 
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Fig. 5— Counter-latch-timer-control circuit schematic. 
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Abstracts of Other Application Notes 


PINS SOS: oie oS otolt woe gy ed By ee 9 pages 
Application Considerations for the RCA-3N128 
VHF MOS Field-Effect Transistor 


This Note describes applications and vhf © 


circuit considerations for a high-frequency n- 
channel MOS field-effect transistor, the RCA 
3N128. Biasing requirements and basic circuit 
configurations are discussed, and selection of 
the optimum operating point and methods of 
automatic gain control are explained. The cross- 
modulation and intermodulation distortion 
characteristics of the 3N128 MOS transistor are 
compared to those of bipolar transistors, and 
procedures are given for the design of a practical 
vhf amplifier that uses the 3N128. 


ANNES SG oie oo. ap ti in iout er i ex Be Gale 3 pages 
VHE Mixer Design Using the RCA-3N128 MOS 
Transistor 

The 3N128 is a vhf MOS field-effect tran- 
sistor suitable for use throughout the vhf band 
(30 to 300 MHz) as an amplifier, mixer, or 
oscillator. This Note discusses some of the de- 
sign criteria pertinent to the construction of 
MOS mixers, and presents an example of a 
complete vhf MOS converter. 


yO i Ca ae ae 7 pages 
Chopper Circuits Using RCA MOS Field-Effect 
Transistors 

Although electromechanical relays have long 
been used to convert low-level dc signals into 
ac signals or for multiplex purposes, relays are 
seriously limited with respect to life, speed, 
and size. Conventional (bipolar) transistors 
overcome the inherent limitations of relays, 
but introduce new problems of offset voltage 
and leakage currents. This Note describes the 
use of MOS field-effect transistors in solid- 
state chopper and multiplex designs that have 
the long life, fast speed, and small size of 
bipolar-transistor choppers, but that eliminate 
their inherent offset-voltage and leakage-current 
problems. 


AN S453) 5 oo5- ch. Una See Mae eS See 6 pages 
An FM Tuner Using an RCA-40468 MOS- 
Transistor RF Amplifier 

~ This Note describes an FM tuner that in- 
corporates an MOS field-effect transistor as the 


rf amplifier, and shows how the MOS transistor 
is instrumental in minimizing the spurious 
responses normally found in FM receivers. 


AN: 3539-4. 4S aoe eee SS 6 pages 
An FM Tuner Using Single-Gate MOS Field- 
Effect Transistors as RF Amplifier and Mixer 

Selection of the transistors for use in FM- 
tuner stages involves consideration of such 
device characteristics as spurious response, dy- 
namic range, noise immunity, gain, and feed- 
through capacitance. MOS fieldeffect transistors 
are especially suitable for use in FM rf-amplifier 
and mixer stages because of their inherent 
superiority for spurious-response rejection and 
signal-handling capability. This Note describes 
an FM tuner that uses an RCA-40468 MOS 
transistor as the rf amplifier and an RCA-40559 
MOS transistor as the mixer. 


AN-4018 6k wd alte See eee 5 pages 
Design of Gate-Protected MOS Field-Effect 
Transistors 

MOS__ (metal-oxide-semiconductor) _field- 
effect transistors are in demand for rf-amplifier 
applications because their transfer characteris- 
tics make possible significantly better perfor- 
mance than that experienced with other solid- 
state devices. Unless equipped with gate protec- 
tion, however, MOS transistors require care- 
ful handling to prevent static discharges from 
rupturing the dielectric material that separates 
the gate from the channel. This Note describes 
the design of dual-gate MOS field-effect tran- 
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sistors that use a built-in signal-limiting diode 
structure to provide an effective short circuit 
to static discharge and limit high potential 
buildup across the gate insulation. 


AINCAI 25 i oie bie Bodh eee ae oe 
MOS/ FET Biasing Techniques 

Field-effect transistors are applied in rf 
amplifiers and mixers, if and audio amplifiers, 
electrometer and memory circuits, attenuators, 
and switching circuits. The dual-gate MOS/FET 
appears to be particularly useful in rf stages 
because of low feedback capacitance, high 
transconductance, and superior cross modula- 
tion with automatic-gain-control capability. The 
rules for biasing FET’s vary slightly depending 
on type. However, most possibilities are cover- 
ed in this Note through examination of the 
biasing of a single-gate, a junction-gate, and a 
dual-gate transistor. Substrate biasing and bias- 
ing to compensate for temperature variations 
are also discussed. 


7 pages 


IINEE SIO ue One Soke Ss ae ge Aas 16 pages 
Using MOS/FET Integrated Circuits in Linear 
Circuit Applications 

A brief review of MOS/FET IC device 
theory is given, and some linear circuit applica- 
tions are surveyed. Theory discussed includes 
gate protection and electrical requirements. 
Applications include choppers, attenuators, 
constant-current sources, general-purpose ampli- 
fier circuits, and rf amplifiers, oscillators, and 
mixers. 


ICAN-4072 8 pages 
Applications of the RCA-CA3048 Integrated- 
Circuit Amplifier Array 

The RCA-CA3048 integrated circuit, an array 
of four identical amplifiers, each with inde pend- 
ent inputs and outputs, all on a single mono- 
lIthic silicon chip, has an operating and storage 
temperature range of —25°C to +85°C. Each 
amplifier in the low-noise array has a typical 
open-loop gain of 58 dB and input impedance 
of 90,000 ohms. The gain-frequency response, 
stability, output swing versus supply voltage, 
and noise of the device are discussed. Circuit 
applications include Hartley and Colpitts Oscil- 
lators, astable multivibrators, a 4-channel linear 
mixer, a driver for a 600-ohm balanced line, 
and a gain-controlled amplifier. 


TCAN-SOUS: cog eA eR Oem: HOR 15 pages 
Application of the RCA-CA3008 and CA3010 
Integrated-Circuit Operational Amplifiers _ 

This Note describes the circuit arrangement, 
lists the performance characteristics, explains 
the major design considerations, and discusses 
typical applications of the CA3008 and CA3010 
operational amplifiers. These amplifiers are sill- 
con monolithic integrated circuits designed to 
operate from two symmetrical low- or medium- 
level dc power supplies (at supply voltages in 
the range from +3 volts to +6 volts). 


Cr 


IGAN5022. oy) fo 85 “ences A See SB nS 26 pages 
Application of the RCA-CA3004, CA3005, and 
CA3006 Integrated-Circuit RF Amplifiers 

The CA3004, CA3005, and CA3006 rf am- 
plifiers are discussed. These silicon-epitanial 
monolithic integrated circuits are designed to 
operate from low, or medium levels of de supply 
voltage, over a range of ambient temperatures 
from —55°C to +125°C, and at frequencies 
from dc to 100 MHz. They may be used with 
external tuned-circuit, transformer, or resistive 
load impedances to provide wide- or narrow- 
band amplification, mixing, limiting, product 
detection, frequency generation, and generation 
of pulse or digital waveforms. 


ICAN-+5030) se: e539 eww Sia ak 11 pages 
Application of the RCA-CA3000 Integrated- 
Circuit DC Amplifier 

This Note describes the RCA-CA3000 dc 
amplifier, a stabilized and compensated differen- 
tial amplifier that has push-pull outputs, high- 
impedance (0.1-megohm) inputs, and gain of 
approximately 30 dB at frequencics up to one 
MHz. Its useful frequency response can be in- 
creased to several tens of megahertz by the use 
of external resistors or coils. The CA3000 can 
be used as a signal switch (with pedestal), a 
squelchable audio amplifier (with suppressed 
switching transient), a modulator, a mixer or a 
product detector. When suitable external com- 
ponents are added, it can also be used as an 
oscillator, a one-shot multivibrator, or a trigger 
with controllable hysteresis. 


ICAN-5036 9 pages 
Application of the RCA-CA3002 Integrated- 
Circuit IF Amplifier 

The RCA-CA 3002 integrated-circuit if ampli- 
fier described in this Note is a balanced differen- 
tial amplifier that can be used with either a 
single-ended or a push-pull input and can pro- 
vide either a direct-coupled or a capacitance- 
coupled single-ended output. Its applications 
include RC-coupled if amplifiers that use the 
internal silicon output-coupling capacitor, video 
amplifiers that use an external coupling capaci- 
tor, envelope detectors, product detectors, 
and various trigger circuits. 
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ICAN-5037 4 pages 
Application of the RCA-CA3007 Integrated- 
Circuit Audio Amplifier 

This Application Note describes the RCA- 
CA3007 audio driver, a balanced differential 
configuration with either a single-ended or a 
differential input and two push-pull emitter- 
follower outputs. The circuit features all-mono- 
lithic silicon epitaxial construction, and is 
intended for use as a direct-coupled driver in a 
class B audio amplifier which exhibits both 
gain and operating-point stability over the tem- 
perature range from --55 to 125°C. 
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Application of the RCA-CA3001 
Circuit Video Amplifier 

The CA3001 silicon monolithic integrated 
circuit is designed for use in intermediate- 
frequency or video amplifiers at frequencies up 
to 20 MHz and in Schmitt-trigger applicaiions. 
This integrated circuit can be gated, and gain 
control can be applied. The CA3001 incorpor- 
ates all-monolithic silicon epitaxial construction 
designed for operation at ambient temperatures 
from 55 to 125°C, balanced differential- 
amplifier configuration with low-impedance 
double-ended input,and a built-in temperature- 
compensating network for gain or de operating- 
point stability over the temperature range from 

55: toc 125°C: 


8 pages 
Integrated- 


ICAN-5213 6 pages 
Application of the RCA CA3015 and CA3016 
Integrated-Circuit Operational Amplifiers 

The integrated-circuit operational amplifiers 
CA3015 and CA3016 are identical in circuit 
configuration to the CA3008 and CA3010, but 
have an improved device breakdown voltage 
that permits operation from +12-volt supplies 
as well as from +6 volt or +3 volt supplies. 
This Note describes the operating characteristics 
of the CA3015 and CA3016 at +12 volts, and 
discusses applications that take advantage of the 
higher gain-bandwidth product and increased 
output signal swing obtained at the higher 


voltages: a 50-dB amplifier; a 10-dB, 42-MHz 
amplifier: a twin-T bandpass amplifier: a 20-dB, 


10-MHz bandpass amplifier, and a voltage- 
follower. 
ICANES 269) pais chee Oe ee RR 7 pages 


Integrated Circuits for FM Broadcast Receivers 

This Note describes several approaches to 
KM receiver design using silicon monolithic 
integrated circuits. The tuner section is described 
first, and then the tf-amplifier and detector 
sections. Performance characteristics are describ- 
ed where applicable. The FM receivers discussed 
are designed for use from a +9-volt supply. 
The key to design simplicity is the use of the 
RCA multifunction integrated circuits CA3005, 
CA3012, and CA3014. The CA3005 may be 
used as a cascode rf amplifier, a differential rf 
amplifier, a mixer-oscillator, and an if amplifier; 
the CA3012 and CA3014 perform if amplifica- 
tion, limiting, detection, and preamplification. 
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Application of the RCA-CA3018 Integrated- 
Circuit Transistor Array 

The CA3018 integrated circuit consists of 
four silicon epitaxial transistors produced by a 
monolithic process on a single chip mounted in 
a 12-lead TO-5 package. The four active devices, 
two isolated transistors plus two transistors with 
an emitter-base common connection, are es- 
pecially suitable for applications in_ which 
closely matched device characteristics are re- 
quired, or in which a number of active devices 
must be interconnected with non-integrable 
components such as tuned circuits, large-value 
resistors, variable resistors, and microfarad by- 
pass capacitors. Such areas of application include 
if, rf (through 100 MHz), video, agc, audio, and 
dc amplifiers. 


ICAN-5299 6 pages 
Application of the RCA-CA3019 Integrated- 
Circuit Diode Array 

The CA3019 integrated circuit diode array 
provides four diodes internally connected in a 
diode-quad arrangement plus two individual 
diodes. [ts applications include gating, mixing, 
modulating, and detecting circuits. Because all 
the diodes are fabricated simultaneously on a 
single silicon chip, they have nearly identical 
characteristics, and their parameters track each 
other with temperature variations. Consequent- 
ly, the CA3019 is particularly useful in circuit 
configurations that require either a balanced 
diode bridge or identical diodes. 
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ICAN-5337 10 pages 
Application of the RCA-CA3028A and CA- 
3028B Integrated-Circuit RD Amplifiers in the 
HF and VHF Ranges 

The CA3028A and CA3028B monolithic- 
silicon integrated circuits are single-stage dif- 
ferential amplifiers intended for service in 
communications systems operating at frequen- 
cies up to 100 MHz with single power supplies. 
This Note provides technical data and recom- 
mended circuits for use of the CA3028A and 
CA3028B in rf amplifiers, autodyne converters, 
if amplifiers, and limiters. The CA3028A and 


Abstracts of Other Application Notes 


CA3028B are suitable for use in a wide range 
of applications in dc, audio, and pulse amplifier 
service; they have ‘been used as sense amplifiers, 
preamplifiers for low-level transducers, and dc 
differential amplifiers. 
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Application of the RCA-CA3021, CA3022, and 
CA3023 Integrated-Circuit, Wideband Amplifiers 

The CA3021, CA3022, and CA3023 inte- 
grated circuits are multipurpose high-gain am- 
plifiers designed for use in video and AM or FM 
if stages in single-power-supply systems. Specifi- 
cally, they can be used in video amplifiers 
operating at frequencies through 30 MHz, AM 
and FM if amplifiers, and buffer amplifiers in 
which an isolation capability greater than 60 
dB at | MHz is desired. 


ICAN-5380 ............-.-. 7 pages 
Integrated - Circuit Frequency - Modulation if 
Amplifiers 


The discussion in this Note shows that the 
simplest approach; to the use of theCA3012 
and CA3028 integrated circuits in FM if-ampli- 
fier strips is to replace each stage in present 
discrete-transistor if strips with a differential 
amplifier. This integrated-circuit approach re- 
quires a minimum of re-engineering because a 
cascade of individually tuned if stages is used. 
From a performance point of view, this ap- 
proach results in better AM rejection than that 
obtained with discrete circuits because of the 
inherent limiting achieved with the differential- 
amplifier configuration. 
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ICAN-5766 8 pages 
Application of the RCA-CA3020 and CA3020A 
Integrated-Circuit Multipurpose Wideband 
Power Amplifiers 

The CA3020 and CA3020A integrated cir- 
cuits are multipurpose, multifunction power 
amplifiers designed for use as power-output 
amplifiers and driver stages in portable and 
fixed communications equipment and in ac 
servo-control systems. The flexibility of these 
circuits and the high-frequency capabilities of 
the circuit components make these types suit- 
able for a wide variety of applications such as 
broadband amplifiers, video amplifiers, and 
video line drivers. Voltage gains of 60 dB or 
more are available with a 3-dB bandwidth of 
8 MHz. Applications covered include audio, 
wideband, and driver amplifiers. 


ICAN-5831 5 pages 
Application of the RCA-CA3044 and CA3044VI 
Integrated Circuits in Automatic-Fine-Tuning 
Systems 

This Note describes the use of the CA3044 
and CA3044VI integrated circuits as automatic 
fine-tuning (AFT) system components and dis- 
cusses the advantages of integrated circuits in 
this application. The CA3044VI is electrically 
identical to the CA3044, but is supplied with 
formed leads for easier printed-circuit-board 
mounting. The construction and performance 
of a typical automatic-fine-tuning system for a 
color television system are examined. 


ICANESS44) (bok eek oe 4 pages 
Feedback-Type Volume-Control Circuits for 
RCA-CA3041 and CA3042 Integrated Circuits 

This Note describes feedback-type volume 
controls for use with RCA-CA 3041 and CA3042 
integrated circuits in television receivers. In 
television sets using these integrated circuits, 
the volume control is often located remote 
from the amplifier. The long leads required in 
such a configuration sometimes pick up undesir- 
able signals that, in turn, cause the system to 
exhibit hum and noise at low volume levels. 
The proposed feedback-type volume control 
reduces hum and noise pick-up by reducing the 
gain of the system rather than the signal level, 
and thus eliminates the cost of shielding the 
leads. 


ICAN-6259": od @ dre a EI we 10 pages 
Integrated-Circuit Stereo Decoder Using the 
CA3090AQ Stereo Multiplex Demodulator 

The CA3090AQ integrated-circuit provides 
features heretofore unavailable to the receiver 
designer. This device needs only a single tuning 
adjustment, which reduces to a minimum the 
manual effort during assembly; the phase-locked 
loop maintains performance under conditions 
of temperature variations, humidity, and aging. 
The compactness of the CA3090AQ and of the 
required external components, added to the 
other attributes, makes this stereo decoder a 
significant advancement in the state of the art 
of stereo decoder designs. 


ICAN-6302 9 pages 
Description and Application of the RCA- 
CA3120E Integrated-Circuit TV-Signal Processor 

The CA3120E is a 16-pin, dual-in-line- 
monolithic-silicon integrated circuit that pro- 
cesses a video signal and provides the following 
outputs: non-inverted video output; noise- 
processed, inverted video output; dual-polarity, 
composite synchronization signals; and auto- 
matic gain-control signals (agc). The IC, which 
can be used in color or monochrome TV 
receivers, requires a single-polarity power supply 
(positive) and includes impulse noise inversion 
and delay circuits that reduce the deleterious 
effects of impulse noise in the receiver agc and 
synchronization (sync) circuits. Standard agc 
strobing techniques are also used. The agc and 
impulse-noise thresholds are automatically set 
and require no controls. The if maximum-gain 
bias and the tuner agc delay may be adjusted 
for optimun. TV-receiver performance; the 


time constant for the sync-separator input can 
also be optimized by the set designer. 
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ICAN-6724 8 pages 
A Flexible Integrated-Circuit Color Demodu- 
lator for Color Television 

This Note describes the circuit operation 
and application of the CA3067 in a color tele- 
vision receiver. The CA3067, which is supplied 
in a quad-in-line 16-lead plastic package, pro- 
vides the following color-demodulator circuit 
functions: amplification, balanced chroma de- 
modulation, dc-operated tint (phase) control, 
and zener-diode voltage regulation. 
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Lombardia 6, 20092 Cinisello 


Balsamo, Milan .........0. 0 cece een eee eenes 6173578 
Siiverstar Limited, 20 Via dei 
Gracchl, 20146 Milan ............0.ceeeeeees 392/4996 


Okura Trading Co., Ltd., 3-6 Ginza 

Nichome, Tokyo 104 

Panwest Co., Ltd., Room 306, Sam Duk Bidg., 
131 Da-Dong, Chung-ku, Seoul 

Edward Eu & Co. (Pte) Ltd., 

193, Jalan IMBI Road, Kuala Lumpur 06-23 
Deksa, S.A., Avenida Nuevo Leon #159, 
Mexico 11, D.F. 

Mexicana de Bulbos, S.A., Michoacan 

No. 30, Mexico 11, D.F. 

Proveedora Electronics Industrial, S.A., 
Apartado Postal 27-599, Mexico 11, D.F. 
AWA New Zealand Ltd., 

36-44 Adiaide Rd., PO Box 830, 

Wellington 2 

EGA A/S, Ulveneien 75, 

OSI 3 iocgvan esos n dan tess Ose Kee Ores 22.19.00 
Comp. Com. dei Paraguay, S.A., Casiila de 
Correo 344, Asuncion 

Arven S.A., Av. Jose Pardo 741, B. 

Miraflores, Lima 18 

Philippine Electronic Ind., PO Box 498, 
Makati, Rizal D-708 

Telectra SARL, 103 Rua Rodrigo 

da Fonseca, Lisbon 1 .........0. cece ences 68 60 72/75 
Edward Eu and Co., No. 1 Orchard Rd., 9 
Allied Electric S.A. (Pty) Ltd., 

Components Division, Box 6090, 


Dunswart 1508 Transvaal ............... eee 892-3155 
Atalo Ingenleros SA, Enrique 
Laretta 10y12, Madrid 16 ................005- 215 35 43 


Electrica Comercial Colominas SA, 
Division of Novolectric, 
Villarroel, 40, Barcelona 11 ...............6.- 323 16 90 


C.W. Mackie & Co., Ltd., 36 

D.R. Wijewardena Mawatha, 

Colombo 10 ; 

Femer Electronics AB, Snoermakarvaegen 35, 
PO Box 125, S-16126, 


Bromma-Stockholm ............0eeeeeeeee 08/80 25 40 
Lagercrantz Elektronik KB, Kanalvagen 5, 

Upplands Vasby................ 20. e eee 0760 86120 
Baerlocher AG, PO Box 485, 

S021 ZUTIGH: 2c .ciscetwsae ea eee Sew eae eel® 42 99 00 


RCA Authorized Distributors 


Talwan......... Hwa Sheng Electronic Co., Ltd., 3th Fi., California ...... Liberty/San Diego, 9525 
#7, Ren-al Rd., Sec. 2, Chesapeake Drive, San Diego 
Talpel, ROC. 3 escdewrsei a ieweeeeeas (02)3219 311-5 CA 92123. oc ctiik ene nee ta ates tees (714)565-9171 
Thailand ....... Anglo-Thai Eng. Ltd., PO Box 18, Q@.S. Marshall Company, 
Bangkok 9674 Telstar Avenue, 
Turkey ......... Teknika TAS, PO Box Karakoy 153, El Monte, CA 91731 .. 0... ee eee (213)686-0141 
IStaODUN ose eee eed al ee oe esa deen’ 43 61 00 RPS Electronics, Inc., 1501 
Teknim Company Ltd., Riza Sah South Hill Street, Los Angeles, 
Pehlevi Caddesi 7, Kavaklidere, CA 90018 ook oie seid ea See as (213)7 48-1271 
PIM OIG goo cic ise kr se a ese eee ea eee baat 275800 Schweber Electronics Corp., 
Uruguay........ American Products S.A., Av. Italia 4230, 17811 Gillette Ave., 
Montevideo Irvine, CA 92714... .. ccc eee eee (714)556-3880 
Venezuela ...... Telereca, C.A., PO Box 3975, Caracas Colorado ....... Elmar Electronics/Denver, 
Yugoslavia ..... Avtotehna, PO Box 593, XI, 6777 East 50th Avenue 
Titova 36, Ljubljana 61000 ............... 20 eae 317 044 Commerce City, CO 80022 ............... (303)287-9611 
UR ecu tunes tus Apex Components Ltd., 396 Hamilton-Avnet Electronics, 
Bath Road, Slough, Berks, 5921 North Broadway, 
BLT GUD. wee cee ee cd awed eee eee Burnham 63741 Denver, CO 80216 ........ cee eee eee (303)534-1212 
Crelion Ltd., 380/386 Klerulff Electronics, Inc., 
Bath Road, Slough, Berks, 10890 East 47th Avenue, 
SLT GIB i cc foeek co eioe cetaceans aes Bumham 4434 Denver, CO 80239 .......... cece eee ee ees (303)371-6500 
Distronic Ltd., 50/51 Connecticut ....Arrow Electronics, Inc., 
Burnt Mill, Elizabeth Way, 295 Treadwell Street, 
Harlow, Essex, CM20 2HU .......... Harlow (0279)39701 Hamden, CT 06514 .......... cece ee eeee (203)248-3801 
ITT Electronic Services, Edinburgh Way, Cramer/Connecticut, 12 Beaumont Rd., 
Harlow, Essex, CM20 2DE ............... Hariow 26811 Wallingford, CT 06492...............6..- (203)265-7741 
Mogul Electronics Ltd., Hamliton-Avnet Electronics, 
273 High Street, 643 Danbury Road, 
Epping, Essex, CM 164DA............... Epping 77366 Georgetown, CT 06829 .............0.08- (203)762-0361 
Semicomps (Northem) Ltd., Schweber Electronics Corp., 
East Bowmont Street, Kelso, Finance Drive, Commerce Industrial Park, 
Roxboroughshire TD5 7BZ ................4. Kelso 2366 Danbury, CT 06810 ............. cece euee (203)792-3500 
Florida......... Arrow Electronics, Inc., 
1001 NW 62nd St., Suite 402, 
U.S. Ft. Lauderdale, FL 33309 ................ (305)776-7790 


Arrow Electronics, Inc., 
115 Palm Bay Road, N.W., Suite 10, 


Alabama ....... Hamilton-Avnet Electronics, Palm Bay, FL 32905............... cece (305)725-1480 
4692 Commercial Drive N.W., Cramer Onlando, 
Huntsville, AL 35805 ................000. (205)837-7201 345 Graham Avenue, 

Arizona ........ Hamliton-Avnet Electronics, Orlando, FL 32803 ............ 0. cee eee ee (305)895-1511 
2615 South 21st Street, Hamliton-Avnet Electronics, 
Phoenix, AZ 85034........ 0... cee eee eee (602)275-7851 6800 N.W. 20th Avenue, 
Klerulff Electronics, Inc., Ft. Lauderdale, FL 33309 ................ (305)97 1-2900 
4134 East Wood Street, Hamilton-Avnet Electronics, 
Phoenix, AZ 85040 ....... 0. cee eee es (602)243-4101 3197 Tech Drive No., 

Arizona ........ Liberty Electronics/Arizona, St. Petersburg, FL33702................. (813)576-3930 
8155 North 24th Avenue, Schweber Electronics Corp., 
Phoenlx, AZ 85022 ........... 0.0 ee eee (602)249-2232 2830 North 28th Terrace, 

California ...... CramerSan Francisco, 720 Hollywood, FL. 33020...............00 eee (305)927-0511 
Palomer Avenue, Georgia ........ Arrow Electronics, Inc., 3406 Oak Cliff 
Sunnyvale, CA 94086. ............0 2c eee (408)739-3011 Rd., Doraville, GA 30350 ................. (404)455-4054 
Electronic Supply Corp., 2486 Cramef Atlanta, 6456 
Third Street, Riverside, Warren Drive, 
CA S208 icici where ee Fea wee Ree (714)683-7300 Norcross, GA 30071 ......... 0c cece eee (404)448-9050 
Elmar Electronics, inc., 2288 Hamiiton-Avnet Electronics, 
Charleston Road, Mt. View, 6700 185 Access Road, Suite 1E 
GA S404) iis voivas deta eheui tae eeea (415)961-3611 Norcross, GA 30071 ...........002ce ees (404)448-0800 
Hamiiton-Avnet Electronics, Iinols ......... Cramer/Chicago, 1911 
1175 Bordeaux Drive, South Busse Road, 
Sunnyvale, CA 94086...... a dra Maerker kate (415)743-3300  »»xuer, Mt. Prospect, IL 60056. .................. (312)593-8230 
Hamiiton-Avnet Electronics, Hamilton-Avnet Electronics, 
8917 Complex Drive, San Diego, 3901 North 25th Avenue, 
GA 921238 6 ecnie vhs sine owas Meu een ad (714)279-2421 Schiller Park, IL60176................... (312)678-6310 
Hamilton Electro Sales, 10912 Newark Electronics, 500 
W. Washington Blvd., Culver North Pulaski Road, 
GitY, CA 00290 6c ous Sitnduwsrenieeeseds (213)558-2020 Chicago, IL 60624 ....................5- (312)638-4411 
Kierulff Electronics, Inc., Schweber Electronics Corp., 
2585 Commerce Way, 1275 Brumme! Ave., Elk 
Los Angeles, CA90040..................- (213)685-5511 Grove Village, IL 60007 .................. (312)593-2740 
Kierulff Electronics, Inc, Semiconductor Specialists, Inc., 
3969 E. Bayshore Road, 195 Spangler Avenue, 
Palo Alto, CA 94303............ 0c cece (415)968-6292 Elmhurst, 1L60126........... 0.00 eee eee (312)279-1000 
Klerulff Electronics, Inc., Indiana ........ Graham Electronics Supply, Inc., 
8797 Balboa Avenue, 133 S. Pennsylvania Street, 
San Diego, CA 92123..............2 eee (714)278-2112 Indianapolis, IN 46204 ...............-05. (317)634-8202 
Liberty Electronics, 124 lowa........... Deeco, Inc., 2500 
Maryland Avenue, 16th Avenue, S.W., 
El Segundo, CA 90245.............2.000. (213)322-8100 Cedar Rapids, IA 52801................5. (819)365-7551 


563 


RCA Authorized Distributors 


Kansas ... 


Loulsiana . 


Maryland .. 


Massachusetts . . 


Michigan .. 


Minnesota . 


Missouri .. 


New Hampshire 


New Jersey 


564 


Hamilton-Avnet Electronics, 
9219 Quivira Road, 


Overland Park, KS 66215. .............4.. (813)888-8900 
Sterling Electronics, Inc., 

4613 Fairfield, 

Metairie, LA 70002............... cece eee (504)887-7610 


Arrow Electronics, Inc., 
4801 Benson Avenue, 


Baltimore, MD 21227. ......... 2. cece eee (301)247-5200 
Cramer/Washington, 

16021 industria! Drive, 

Gaithersburg, MD 20760................. (301)948-0110 


Hamilton-Avnet Electronics, 

7255 Standard Drive, 

Hanover, MD 21076 .......... 0. cc eee enee (301)796-5000 
Pyttronic industries, Inc..,, 

8220 Welimoor Court, 

Savage, MD 20863 .................0000es (301)792-0782 
Schweber Electronics Corp., 

9218 Gaither Road, 

Gaithersburg, MD 20760................. (301)840-9500 
Arrow Electronics, Inc., 

960 Commerce Way, 

Woburn, MA 01801 ........... ccc cence (617)933-8130 
Cramer Electronics, Inc., 

85 Wells Avenue, 

Newton, MA 02159. ........ ccc eee eee (617)969-7700 
Hamilliton-Avnet Electronics, 

100 East Commerce Way, 

Woburn, MA 01801 .........0c cence ween (617)933-8020 
A.W. Mayer Co., Inc., 

38 Border Street, 

West Newton, MA02165..............05. (617)965-1111 
Schweber Electronics Corp., 

213 Third Avenue, 


Waltham, MA 02154 ..............--.--- (617)890-8484 
Sterling Electronics, Inc., 

411 Waverly Oak Road, 

Waltham, MA02154 ..............00 cues (617)894-6200 


Wiishire Electronics/New 

England, One Wilshire Road, 

Burlington, MA 01803 .............50eeeee (617)272-8200 
Hamilton-Avnet Electronics, 

32487 Schooicraft Road, 

Livonia, Mi 48150............ 0.0.0 e eens (313)522-4700 
RS Electronics, Inc., 

344 Schoolcraft, 

Livonia, Mi 48150...... Se Wate Saas ae aha ee (313)525-1155 
Schweber Electronics Corp., 

33540 Schoolcraft Road, 

Livonia, MI 48150. ..........0. cence aeeee (313)525-8100 
Arrow Electronics, 

9700 Newton South, 

Bloomington, MN 55431 ..............055 (612)887-6400 
Cramer/Minnesota, 

5424 industrial Blivd., 

Edina, MN 55435 ........... ccc ee eee eee (612)835-7811 
Hamilton-Avnet Electronics, 

7449 Cahill Road, — 

Edina, MN 55435 .............0.00 2 eee (612)941-3801 
Semiconductor Specialists, Inc., 

8030 Cedar Avenue South, 

Minneapolis, MN 55420 ...............-. (612)854-8841 
Hamilton-Avnet Electronics, 

396 Brookes Drive, 

Hazelwood, MO 63042 ...........00ee ees (314)731-1144 
Semiconductor Specialists, Inc., 

3805 No. Oak Traffic Way, 

Kansas City, MO 64116.................. (816)452-3900 


. Arrow Electronics, Inc., 


1 Perimeter Drive, 

Manchester, NH 03103 ...............00: (603)668-6968 
Arrow Electronics, Inc., 

Pleasant Valley Road, 

Moorestown, NJ 08057 ...........020008- (609)235-1900 
Arrow Electronics, Inc., 

285 Midland Ave., 


Saddlebrook, NJ 07662 ...............06- (201)797-5800 
Cramer!/New Jersey, 1 Cardinal 
Drive, Little Falls, NJ 07424 .............. (201)785-4300 


New Jersey .....- 


New Mexico ... 


New York....... 


New York....... 


North Carolina . 


Hamilton-Avnet Electronics, 

10 Industrial Road, 

Fairfield, NJO7006 ............ 0.0 cee eee (201)575-3390 
Hamilton-Avnet Electronics, 

113 Gaither Drive, 

East Gate Industrial Park, 

Mount Laurel, NJ 08057 ..............06. (609)234-2133 
Kierulff Electronics, Inc., 

3 Edison Place, 

Fairfield, NJO7006 ...........0.. 00 cc eee (201)575-6750 
Resco Electronics, Div. of 

Astrex, Airport & Central Hwys., 

Airport Industrial Park, 

Pennsauken, NJ 08110 ..............06.. (609)662-4000 
Schweber/NJ Electronics, 

43 Beimont Drive, 


Somerset, NJ 08873 ..........00 cece eee (201)469-6008 
Wilshire Electronics/NJ, 

1111 Paulison Avenue, 

Clifton, NU 07015... 0.2... 0... cee eee eee eee (201)340-1900 
.Cramer/New Mexico, 2460 Alamo 

S.E., Albuquerque, NM 87106............. (505)243-4566 


Hamilton-Avnet Electronics, 

2524 Baylor S.E., 

Albuquerque, NM 87106 ................. (505)765-1500 
Arrow Electronics, Inc., 

900 Broad Hollow Road, 

Route 110, 

Farmingdale, LI, NY 11735 ............... (516)694-6800 
Cramer/Long Island, 

29 Oser Avenue, 


Hauppauge, LI, NY 11787 ................ (516)231-5600 
Cramer/Rochester, 

3000 South Winton Road, 

Rochester, NY 14623...............000ue (716)275-0300 
Cramer Syracuse, 


6716 Joy Road, 

Syracuse, NY 13057 ..........0..0 ee eeee (315)437-6671 
Hamiilton-Avnet Electronics, 

167 Clay Road, 

Rochester, NY 14623.............00000e. (716)442-7820 
Hamilton-Avnet Electronics, 

16 Corporate Circle, 

Syracuse, NY 13211 ..........0.. 0c ewes (315)437-2641 
Hamliton-Avnet Electronics, 

70 State Street, 

Westbury, LI, NY 11590.................. (516)333-5800 
Miigray Electronics, Inc., 

191 Hanse Avenue, 

Freeport, LI, NY 11520................08- (516)546-6000 
Rochester Radio Supply Co., 

140 W. Main Street, 

Rochester, NY 14614................000: (716)454-7800 
Schweber Electronics, Corp., 

2 Town Line Circle, 

Rochester, NY 14623.............2000e- (716)424-2222 
Schweber Electronics Corp., 

Jericho Turnpike, 

Westbury, LI, NY 11590.................. (516)334-7474 
Summit Distributors, Inc., 

916 Main Street, 

Buffalo, NY 14202 ........... cc eee eee eee (716)884-3450 


. Arrow Electronics, Inc., 


1377-G Southpark Drive, 

Kernersville, NC 27284 ............5.00as (919)996-2039 
Cramer/Winston/Salem, 

938 Burke Street, 

Winston Salem, NC 27103 ............... (919)725-8711 
Hamilton-Avnet Electronics, 

2803 Industrial Drive, 

Raleigh, NC 27609 ........... 00 ccc eee (919)829-8030 
Hammond Electronics of 

Carolina, Inc., 2923 

Pacific Avenue, 

Greensboro, NC 27406 .................. (919)275-6391 
Arrow Electronics, Inc., 

3100 Plainfield Road, 

Dayton, OH 45432 ....... 02.0.0 c cece ees (513)253-9176 


RCA Authorized Distributors 


Oklahoma 


Pennsylvania .. 


Pennsylvania .. 


ener evnwnaee 


Cramer/Cleveland, 
5835 Harper Road, 
Solon, OH 44139 
Hamilton-Avnet Electronics, 

761 Beta Drive, Suite E. 

Cleveland, OH 44143..............cc aes 
Hamliton-Avnet Electronics, 

954 Senate Drive, 

Dayton, OH 45459 ... 2... ee eee 
Hughes-Peters, Inc., 
481 East 11th Aveneu, 
Columbus, OH 43211 
Schweber Electronics Corp., 

23880 Commerce Park Road, 

Beachwood, OH 44122 ..............0065 
The Stotts Briedman Co., 

2600 East River Road, 

Dayton, OH 45439 .......... 0. cc ees 
Radio, tnc., 

1000 S. Main Street, 

Tulsa, OK 74119... .... 0... cc ccc eee 


| 


.Herbach & Rademan, Inc., 


401 East Erie Avenue, 
Philadelphia, PA 19134.................. 


. Semiconductor Specialists, Inc., 


1000 RIDC Plaza, Suite 207, 

Pittsburgh, PA 15238. ..............0008- 
Cramer Texas, 

13740 Midway Road, 

Dallas, TX 75240...... 0... cee cee eee 
Hamilton-Avnet Electronics, 

445 Sigma Road, 
Dallas, TX 75240 
Hamliton-Avnet Electronics, 
3939 Ann Arbor Street, 
Houston, TX 77063 
Schweber Electronics, Corp., 
14177 Proton Road, 

Dailas, TX 75240 


(216)248-8400 


(216)461-1400 


(513)433-0610 


(216)464-2970 


(216)464-2970 


(513)298-5555 


(918)587-9123 


(215)426-1700 


(412)781-8120 


(214)661-9300 


(214)661-8661 


(713)780-1771 


(214)661-5010 


Washington ... 


Wisconsin 


Schweber Electronics Corp., 

7420 Harwin Drive, 

Houston, TX 77063 ........ cece eee eee (713)784-3600 
Sterling Electronics, Inc., 

2800 Longhorn, Suite 100, 

Austin, TX 78758 0.0.0... 0. cee eee (512)836-1341 
Sterling Electronics, Inc., 

4201 Southwest Freeway, 

Houston, TX 77027 ...... cece eee eee (713)627-9800 
Sterling Electronics, inc., 

2875 Merrell Road, 

Dallas, TX 75229 1... cc ccc eee (214)357-9131 
Trevino Electronics, Inc., 

2826 Walnut Hill Lane, 

Dallas, TX 75229 ....... ccc eee ee eee (214)358-2418 
Hamliton-Avnet Electronics, 

1585 West 2100 South, 

Salt Lake City, UT 84119 ................. (801)972-2800 


.Hamilton-Avnet Electronics, 


13407 Northrup Way, 

Bellevue, WA 98005................000es (206)746-8750 
Liberty Electronics/Northwest, 

1750 132nd Ave. N.E., 

Bellevue, WA 98005... 2.0... 0... cc eee eee (206)453-8300 
Robert E. Priebe Company, 

2211 5th Avenue, 

Seattle, WA 98121 .......... 0. eee eee ee (206)682-8242 
Arrow Electronics, inc., 

434 West Rawson Avenue, 

Oak Creek, WI 53154 2.0.0... cc cece eee (414)764-6600 
Hamilton-Avnet Electronics, 

2975 South Moorland Road, 


New Berlin, WI53151 .............000 08 (414)784-4510 
Taylor Electric Company, 

1000 W. Donges Bay Road, 

Mequon, WI 53092 .............0 cee wees (414)241-4321 
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